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ABSTRACT 

Institutions of higher education in the United States 
appear to many to have the capacity to provide enough scientists and 
engineers to meet the nation's needs. However, many researchers, 
employers and policymakers are concerned that the future supply will 
be inadequate. In the early 1990s the United States will experience a 
decline in the number of college-age students. Fewer students seem to 
be interested in science and engieering careers. Women's interest in 
these careers appears to have plateaued and non-Asian minorities, 
traditionally poorly represented in science and technology careers, 
are forming an increasing proportion of American school children. The 
Office of Technology Assessment concludes that these shortages are 
not inevitable. This assessment: (1) examines the forces associated 
with elementary and secondary education that shape the talent pool; 
(2) traces pathways to undergraduate and graduate education in 
science and engineering; and (3) presents a discussion of policy 
areas for possible congressional action, developed under two 
strategies labeled "retention" and "recruitment." (CW) 
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Foreword 



The Nation relies on scientists and engineers to conduct research and development, 
teach, and meet the technical needs of industry and society. Ensuring an adequate supply 
of versatile and well-trained people poses several challenges to America's formal education 
system, from elementary school through graduate school. The House Committee on Sci- 
ence, Space, and Technology asked the Office of Technology Assessment to analyze the 
factors that will affect the supply of scientists and engineers in the foreseeable future. 

American schools, colleges, and universities educate the scientists and engineers who 
replenish the technical work force. This report examines how and why stud^jnts are dvawn 
toward or deterred from pursuing a career in science or engineering. Schools, families, peers, 
informal education efforts— such as museums, science centers, special programs, and tele- 
vision—all play a role. The subtitle of this report— Grac/e School to Grad 5c/ioo/— emphasizes 
that many factors and institutions must be understood as all one system. 

The advisory panel, workshop participants, and other contributors to this study were 
instrumental in defining the major issues and providing a range ot perspectives on them. 
OTA thanks them for their commitment of energy and sense of purpose. Their participa- 
tion does not necessarily represent endorsement of the contents of this report, for which 
OTA bears sole responsibility. 
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Summary 



American schools, colleges, and universities have 
the capacity to provide enough scientists and engi* 
neers to meet the Nation's needs. Historically, 
students and institutions have satisfied changing 
market needs, as evid^^nced by the response of engi- 
neering enrollments to the semiconductor industry 
boom of the late 1970s. However, many research- 
ers, employers, and policymakers are concerned that 
future supply will be inadequate. In the early 1990s, 
the Nation will experience a decline in the number 
of college-age students, although some increase can 
be expected before the turn of the century. More 
important, fewer students, particularly those white 
males who have been the mainstay of science, seem 
to be interested in science and engineering careers. 
Women's interest in science and engineering, after 
rising for a long time, seems to have plateaued. Non- 
Asian minorities, traditionally poorly represented 
in science and engineering, will form a steadily in- 
creasing proportion of American schoolchildren. 

Despite these changes, OTA concludes that short- 
ages of scientists and engineers are not inevitable; 
the labor market will continue to adjust, albeit with 
transitory and perhaps cosdy shortages and sur- 
pluses. The Federal Government may need to play 
a more active role. Rather than trying to direct mar- 
ket responses, policy can aim to prepare a cadre of 
versatile scientists and engineers for research and 
teaching careers, invest in an educational system 
that creates a reservoir of flexible talent for the work 
force, and ensure opportunities for the participation 
of all groups in science and engineering. 

The Federal Government has had both direct and 
indirect effects on the education of scientists and 
engineers, but it is only one of many actors in the 
system. The Federal role in science and engineer- 
ing education is most significant at the graduate 
level, more diffuse at the undergraduate level, and 
small in elementary and secondary education. 

Federal investment in science and engineering edu- 
cation and training is undertaken for many reasons; 
there is no single objective or mission. One class of 
investments is in direct support of graduate students 
and production capacity at blue-chip universities. 
Other investments are made in newer, developing 
colleges and universities with growth potential, and 
in undergraduate and precollege education. Federal 
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support is spread across different types of institu- 
tions and students, pardy because of the uncertainty 
of payoffs, and pardy to ensure equality of access 
and geographical balance. Both short- and long-term 
investments are necessary in a marketplace where 
demogi jphics, economics, and technology con- 
standy change the criteria for su.cess in education 
for the work force. 

The educational process from grade school to 
graduate school is 20 years long. This means there 
are many possible Federal options for enriching the 
future supply of scientistb and engineers. It is diffi- 
cult, however, to distinguish which would have the 
most impact. At each level of the educational sys- 
tem, there are many choices for action. Few meas- 
ures guarantee predictable effects in the relatively 
short term; most are more speculative and longer- 
term possibilities. Just as there are no imminent crises 
in replenishing the science and engineering work 
force, there are no quick fixes. 

This assessment: 

• examines the forces associated with elementary 
and secondary education that shape the talent 
pool; 

• traces pathways to undergraduate and gradu- 
ate education in science and engineering; and 

• presents a discussion of policy areas for possi- 
ble congressional action, developed under two 
strategies labeled "retention" and "recruitment." 

Two Federal management issues are also identified. 
These are leadership and coordination among Fed- 
eral agencies, and evaluation of trends and outcomes 
to define future policy acnons that will improve the 
reach and content of science and engineering edu- 
cation. The overarching policy issue is whether the 
Federal Government allows the market for scien- 
tists and engineers to take its course or attempts to 
intervene more boldly. 

The two broad strategies of retention and recruit- 
ment complement each other and would operate 
best in tandem (see table). The retention strategy 
is designed to invigorate the current science and 
engineering work force by reducing attrition of un- 
dergraduate and graduate students. Such short-term 
retention programs could increase output of scien* 
tists and engineers within a few years. In contrast, 

/ 

n 
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Policy Options To improve Science and Engineering Educat-on 



Recniltmtnt^Hnlargt the Pool ^ 

• Elementary and secondary teaching: encourage and reward teachers; expand support (or 
preservlce and inservlce training. 

• School opportunities: reproduce sclence«lntensWe schools; ad|ust cor'se- taking and cur- 
ricula; review tracking; and revise testing. 

• Intervention programs: Increase interest In and readiness for science and engineering 
majors; transfer the lessons from succ^jssful programs; encourage sponsorship from all 
sources. 

« Informal education: Increase support of science centers, TV, fairs, and camps. 

• Opportunities for wom6.i:en\orcQT\UQ IX of the Education Amendments of 1972 and pro- 
vide special support and IMerveRtion. 

• Opportunities for minorities: enforce civil rights legislation and provide special support 
and intervention. 

R«t«ntlon-^KMp Students In the Pool 

• Graduate training support: "buy'* Ph.D.s with fellowships and tralneecliips; these people 
are most llkety to Join the research wo;k force. 

• Academic R&D spending: bolster demand and support research assistarjts, especially 
through the mission agencies. 

• Foreign students: adjust Immigration policy to ease entry and retention. 

• Undergraduate environments: support institutions that reward teaching and provide role 
models, such as research colleges and universities, and historically Black Institutions. 

• Handson experience: Ciicouragc undergraduate research apprenticeships and coopera* 
tive education that Impart career skills. 

• Targeted support for undergraduates: link need- or merit-based aid to college major. 
Strengthen Federal Science and Engineering Education Efforts 

• National Science Foundation as lead science education agency: underscore responsibil- 
ity through the Science and Engineerfng Education Directorate for elementary through un- 
dergraduate science programs. 

• Federal Interagency coordination and data co//ecr/on— raise the visibility of science edu- 
cation and the transfer of information between agencies and to educational communities. 



recruitment is a long-tcr»n strategy to enlarge the 
base of potential scientists and engineers by recruit- 
ing more and different students into science and 
engineering. Such a strategy entails working with 
schools and colleges, along with children, teachers, 
and staff, to renovate elementary ar:d secondary 
mathematics and science education. 

If the Nation wants more scientists and engineers 
relatively quickly, then retaining college and grad- 
uate students in science and engineering is the most 
useful policy strategy. Many able students leave sci- 
ence during college, after earning baccalaureate 
degrees, ar ' during graduate school. Only about 
30 percent of baccalaureate science and engineer- 
ing graduates enter full-time graduate study, and 
nearly half of science and engineering doctoral can- 
didates never earn Ph.D.s. Some loss is inevitable 
(and, indeed, beneficial to other fields), but those 
who leave unwillingly and prematurely are a rich 
resource that could be tapped. Because attrition rates 
are so the population of research scien- 



tists and engineers is relatively small, slight improve- 
ments in retention could increase sigr... ^andy the 
number of scientists and engineers in the work force. 
Federal policies could work a; all levels to retain 
more of these able, interested students in the pool, 

Many factors affect students' career choice and 
persistence in science and engineering: interest and 
aptitudci perceptions about careers gleaned from 
university faculty, peers, and jobs, and iinticipatcd 
earnings and other, nonmonetary rcwcrds. Students 
considering academic careers must al:»o weigh the 
burden of undertaking and financing graduate train- 
ing. The Federal Government affects these career 
decisions through targeted support of students, 
universities, and research, and through its nsrva- 
sive influence on the American economy and re- 
search agenda. The extent and form of Federal sup- 
port for students, particularly graduate students, 
affects the attractiveness of further study. Federal 
research and development (R&D) suoport and na- 
tional missions (e.g., in health, space, defense) shape 
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Students* perceptions of the job market for scien- 
tists and engineers, as well as the environments in 
which students are educated. 

Many of the policies discussed in thi? report in- 
volve established mechanisms that could be eX' 
panded effectively. There are prepared college grad- 
uates and graduate students who, with the provea 
incentives of fellowships and R&D-supported jobs, 
could be attracted to science and engineering. 

The basic goal of recruitment is to expand and 
improve the talent pool. The years to do this are 
elementary school through the first years of college. 
A particularly critical time is 6th through 12th grade, 
when course-taking becomes more specialized and 
career plans are formed. Policies to expand the math- 
ematics and science talent pool differ from those to 
accelerate or improve the education of a small, 
science-oriented population. Students who take 
early, enthusiastic likings to science and mathe^ 
matics can be served differently from those whose 
interests are still developing. 

For all students, the content and quality of their 
elementary and secondary education determine their 
academic preparation for college, their likelihood 
of graduating from college, and their ability to de- 
rive the greatest benefit from a college education. 
Better high school graduates mean better college 
graduates, and ultimately better scientists and engi- 
neers. Increased participation for those students out' 
side the traditional stereotype of college-bound sci- 
ence or engineering majors, such as many minorities 
and women, must begin with early changes in their 
preparation, awareness, and interest. They must first 
be prepared for and drawn into college and science 
majors before they can respond to graduate and 
R&D programs. The continuing low proportion of 
these groups in science and engineering indicates 
that the current educational system and career in- 
centives must be made to work better. The end of 
expansion and transition to a steady state of enroll- 
ments and research funding will require universi' 
ties, employers, and the Federal Government to ad- 
just their models and mechanisms of science and 
engineering recruitment. 

There arc two demonstrably successful ways to 
recruit young people to science and engineering: of- 
fer special science and mathematics educational en- 
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richment programs tailored to selected students, and 
give all students good, enthusiastic teaching. An area 
of lively innovation is informal education— science 
museums, television programs, camps, and other ex- 
periences outside the formal school system. 

In the near term, policies can only be implemented 
with existing teachers, schools, textbooks, and 
equipment, in a system with multiple educational 
objectives. In the longer term, substantial improve- 
ments in recruitment might come through full-scale 
revision of elementary and secondary curricula, 
tracking, testing, and course structure. Such sweeps 
ing change should be undertaken with all students 
and all purposes of education in mind (not just sci- 
ence and engineering), and will be hard to achieve 
given the scale of American education and the in- 
ertia of the existing system. 

The health of the U.S. economy, technological 
changes, and shifting government priorities, none 
of which can be projected with any useful degree 
of accuracy, all affect future demand for scientists 
and engineers. The demand has increased since 
World War II, and most analysts expea that growth 
to continue; but growth will vary significandy from 
field to field. The complexity of analyzing changes 
in demand for the relatively small science and engi- 
neering work force confounds forecasts, especially 
at the level of individual fields. Federal actions, be- 
cause of their pervasive effects on the economy and 
on the size and location of R&D activities, have 
strong effects, both direct and indirect, on the 
demand. 

Although comprising only 4 percent of American 
workers, scientists and engineers have specialized 
skills that are vital to the national welfare: they 
widen human understanding by doing basic research 
and by teaching, they develop and apply new tech- 
nologies of every kind, and they keep the national 
physical infrastructure and manufacturing base run- 
ning smoothly. Others trained as scientists and engi- 
neers, but not actively employed in research or prod- 
uct development, also contribute to our national 
well-being in other occupations. Historically, the de- 
mand for scientists and engineers has been rising. 
The Nation is well advised, therefore, to seek an 
adequate supply of people prepared for science and 
engineering careers. 
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Chapter 1 

Introduction 



Scientists and engineers, although Lompribing only 
4 percent of American workerb, have speualized 
skills vital to the national welfare. They u ;den hu- 
man understanding by doing basic research and 
teaching, they develop and apply new technologies 
of every kind, and they keep the national manufac- 
turing base running smoothly. Many people trained 
as scientists and engineers, but not actively employed 
in research or product development, also contrib- 
ute to the well-being of the United States by bring- 
ing strong quantitative skills and an understanding 
of science to other occupations and fields. The Na- 
tion is well advised, therefore, to seek an adequate 
supply of people equipped and able to work in sci- 
ence and engineering.' 

Recent trends have raised doubts m some minds 
about the adequacy of the future science and engi- 
neering work force.' Declining birth rates portend 
lower college and university enrollments, and thus 
fewer science anu tfgineering majors. Each succes- 
sive college-age co Aso contains a larger propor- 
tion of ethnic and racial minorities,* which histori- 



^"EquipptJ and .ibk" implies high "qudlit>." Becdusit thcr^. i^ rui 
agreement on definitions, it is difficult to measure the quality ot stu- 
dents and of the education they are receiving. Quaiitv is a perw^ivc 
factor in a scientist's or engineer's education and professional work. 
It IS also an attribute embodied by a group, .suggesting that trained per- 
H>nncl ix)sscs> tlic know Itiige jna .skilU th.u mdku thtm vcr^attlc enough 
to i>ati>f> d partiLul.ir m.irket demand when it .»ri>Li», Thi> a^^Li>>nicht 
assumes that excellence is a paramount goal of public policy. 

•Definitions of "scientist" and "engineer," and therefore estimate> 
uf the number of each, vary LonbidcidOiv b\ source. Throughout thi> 
assessment, the category "jLientists and engineers" inLiude> social ali- 
entists. Analyses that refer to "natural scientists and enginecr>" e\ 
elude social scientists. Classifying people by kind of science or engi- 
neering degree ibacLai aureate, masterV, or Ph.D.), rather than kind 
of ivurk performed, i.s the more reliable babis for gauging future >ui> 
ply, including an important subset and focus of this assessment— the 
"research work force." For further discussion, see U.S, Congress, Of- 
fice of Technology Assessment, "Preparing for Science and Engineer- 
ing Careers. Field-Level Profiler," staff paper, Jan. 21, I'^ST, pp w .\ml 

^Unless otherwise indicated, "minorities" refers to Blacks, Hispanics, 
and American Indians. Asian'Americans have the highest rates of par- 
ticipation in SLience and engineering of anv group, thus, thcv are nut 
Considered w ith the other minorities. All of these analytical categories 
mask the heterogeneity within racial and ethnic groups, which is dis 
cussed below and in two forthcoming reports: U.S. Congress, Office 
of Technology As*^essment, /:/c'nic7Jfar>' anJScLoni^ary Edccatiun tor 
Science and Enginccnng-^A Technical Mcmorandun^t forthcoming, 
summer 1988, and U.S. Congress, Office of Technology Aiyscssmtnt, 
Higlicr EdiKation for 5cie/icc and EnginccTiit^—A Tt\hnti.dl Mvmo- 
randiim, forthcoming, summer 1^88. 



cally ha\c been poorly represented in science and 
engineering. Furthermore, the number of women 
plant. science and engineering majors, after a dec- 
ade of steady increases peaking in the late 1970s, 
has plateaued. Their gains in science and engineer- 
ing baccalaureate degree-taking have not compen- 
sated for the more dramatic declines in participa- 
tion by white males in the mid-1970s. (Many white 
inales, who in the past would have been likely to 
become scientists or engineers, in recent years have 
pursued majors in business instead, women are now 
following suit.) In general, interest in scientific and 
engineering careers, as indicated by annual surveys 
of incoming college freshmen, has been declining 
slightly for the last 3 to 5 years (although the an- 
nual output of baccalaureate science and engineer 
ing degrees is holding steady)."* 

These trends, combined with the past decade s sus- 
tained growth in science and engineering employ- 
ment, have led some observers to forecast shortfalls 
in the science and engineering work force. The be- 
lief that the pattern of births determines the num- 
ber of future scientists and engineers C'demographic 
determinism") is, however, open to question on a 
number of grounds; 

• Women (and, to a lesser extent. Blacks and 
Hispanics) raised their rates of participation in 
science and engineering during the 1970s; while 
these gains seem to have leveled off in the 1980s, 
there is no reason to believe that participation 
cannot be further increased. 

• Longitudinal surveys of students show that their 
choice of major and career plans change fre- 
quently, even up to the sophomore year of col- 
lege, and their choices are influenced by mar- 
ket factors as well as by family and school. 

• Elementary and secondary schools could do a 
better job of encouraging students in science 
and mathematics, thus expanding the talent 
pool. 

• Ph.D. production has never tracked either the 
sir^^ of the birth cohort or the number of bac- 

AIcxaudcT \X . Ai«tiii et al., The Antcrn^Mi Frt^hnum. Tuc/ifv Vcar 
Trtnd^ (Lv>s Ahgcles, CA. 1 lighcr EJucatu>i4 Rcscardi Institute, Univer- 
sity of California at Los Angeles, 1087), pp. 
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c.tlcUircate Jegrecb granted. The number of nat- 
ural bcience and engineering Ph.D.b awarded 
each year is small, between 12,000 and 14,000, 
Thus, programs that make th^ Ph.D. more at- 
tractive, or other factors leading to fluctuations 
in Ph.D. awards, can have sizable influence on 
the research work force. 

OTA concludes that the changing demographics 
of the college^age population, including its racial 
and ethnic composition, are not necessarily pre* 
dictive of either the size or quality of the future 
science and engineering talent pool. There are 
ways to increase participation of all kinds of stu* 



dents at each level of the American educational 
system. This system more flexible and less pre- 
dictable than the demographics suggest. Individual 
choices, affected by schools and the job market, can 
go far to meet society's future needs for scientists 
and engineers. 

Should government intervention to increase rhe 
number of people equipped to do science or engi- 
neering be judged desirable, there is evidence to 
guide appropriate policy actions. This assessment 
summarizes the evidence and reviews policy options 
for creating an adequate future supply of scientists 
and engineers. 



THE DEMOGRAPHIC OUTLOOK AND COMPOSITION OF 

THE TALENT POOL 



Like many other professions in U.S. society, sci- 
ence and engineering have historically drawn their 
members from the white male segment of the pop- 
ulation. Today, the total college-age population is 
shrinking while its minority component— which has 
never been well-represented in science and engineer- 
ing—is growing. The size of the college-age popula- 
tion ac the turn of the century can be estimated relia- 
bly, since they have already been born. Census 
Bureau projections show that the number of U.S.- 
born 18-year-olds wmII fall until the mid-1990s be- 
fore recovering substantially in the succeeding dec- 
ade. As seen in figure 1-1, some describe this pat- 
tern as a "roller coaster." At the same time, the 
minority proportion of each cohort will rise slowly 
but steadily. (See figure 1-2.) In absolute terms, the 
number of Black 18-year-olds is also falling, although 
not as rapidly as whites. The number of Hispanic 
youth is rising. By the year 2000, over 25 percent of 
the college-age population will be Black or Hispanic.^ 

A simple estimate of future scientists and engineers 
is obtained by multiplying the population of college- 
age people in the birth cohort by the historical pro- 
portion of college students, by sex and minority 
composition, who major in science or engineering. 



^Harold L. Hodgkin^on, All One Sy^ivm. Dcinogrnpbit.s ofEJin^.i- 
fioxj, KiitJcr^firun ThruHf^h Cr^iJuAU hV/j^.^*/ (\X'asIun);tun, DC In 
•stituie for Hducational Leadership, 1985). The increased nuinlx'r of non- 
A>ia(t mniuritic** vvjil be twiUwciuraicJ m a few States >uch a•^ Cahfor 
ma. LouiMana, Mi>Ms>«jppi, New Y^irk, and Texas, There also .t puhl^- 
pnvaic H'hool difference: mmonry enrollment in public cicinentarv and 
scu'udarv j>chui)ls natK»ru\idc is<.urRf:f/> abuut ptrctnt The mi 
notiiy student population is much .smaller in private >ch<.>ols. 



Similar formulas are thought to govern each birth 
cohort s participation in graduate school and the 
eventual ^ield of Ph.D. scientists and engineers. This 
sort of simple extrapolation predicts declining out- 
put of scientists and engineers, which some take as 
a portent of inevitable personnel shortages m cer- 
tain fields of science and engineering.^ 



National Science Foundation, The St^iemc and Engineering Ptpc- 
hiK. TRA Report 87 : (Washington, DC April 1987), pp. 1-2. 

Figure M.— Size of 18-Year-Old Population, 
by Race/Ethnicity, 1979-2005 

5 1 J 




0 i ' ' 

1980 1985 1990 1995 2000 2005 

NOTE Series 17 projections—middle fertility, middle mortality, high nal im 
migration 

SOURCE U S, Bureau of the Cerisus, Estimates ol the Population ol the Untied 
States by Age, Sex, and Race. 1980 to 1986. Current Popufati m Reports. 
Series P 25. No 1000, Projections of the Hispanic PoputatiO'* 1983 to 
2080, Current Population Reports, Series P-25, No 995, Projections of 
the Population ot the United States by Age» Sex» and Race 1983 to 
2080, Current Population Reports, Series P25. No 952. 
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Figure 1-2.— Population Projections of 5- to 14-Year 
Olds, by Race/Ethnlclty, 1982-2020 
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NOTE: Series 17 p-oiections— meddle fertility, middle mortality, high net Im- 
migration. 

SOURCE: US. Bureau of the Census. Projections of the Population of the United 
States, by Age, Sex, and Race: 1983 to 2080, Current Population 
Reports, Series P-25, No. 95Zi Projections of the Hispanic Population, 
1983 to 2080, Current Population Reportfi, Series P-25, No. 995. 



The number of minority high school graduates, 
particularly Black males, who apply for and enroll 
in college has been declining for the last 5 years. 
Large high school dropout rates persist among His- 
panics (only 60 to 70 percent of whom complete high 
school by age 24).' On the other hand, the Black 
and Hispanic communities are far from homogene- 
ous. Life experiences of Blacks vary between the 
North and the South, and between rural and ur- 
ban areas. The Black middle class is growing and, 
since educational success correlates more closely with 
social class than with race. Black participation rates 
may rise. The experiences of Hispanics vary con- 
siderably by their geographic origin: Mexican-Ameri- 



'James R. Mingle, Focus on Minorities: Trends in Higher Education 
Participation and Success (Denver, CO: Education Commission of the 
States and the State Higher Education Executive Officers, July 1987); 
U.S. Department of Education, Office of Educational Research and 
Improvement, Center for Education Statistics, The Condition of Edu- 
cation: A Statistical Report, 1987 Edition (Washington, DC: 1987), 
pp. 26«28; U.S. Department of Education, Office of Educational Re- 
search and Improvement, Center for Education Statistics, Digest of 
Education Statistics 1987 (Washington, DC: 1987), table 72. 



can (Chicanos), Puerto Rican, and Cuban are the 
three origins on which data are sometimes reported.^ 

One cannot draw safe conclusions about future 
supplies of scientists and engineers on the basis of 
aggregate demographic trends alone (see figure I- 
3), It is important to disaggregate and examine 
how students of different talents, sexes, race, and 
ethnicity flow through the education system to de- 
termine how the talent pool for scientific and 
engineering careers is formed and how degree 
aspirations are realized. 

The future science and engineering work force be- 
gins with individual decisions to select and prepare 
for such a career. Among the factors that research- 
ers cite as being important to this decision (sum- 
marized in table 1-1) are gender, race or ethnicity, 
parental occupations and other family influences, 
socioeconomic status, kind of school attended and 
courses taken, teaching practices employed, student's 
ability and talent, type of undergraduate college at- 

^For most comparisons of student intentions, enrollments, and 
degree-taking, data are not available at this level of detail. Typically, 
the analytical categories of Black and Hispanic must suffice. 
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Figure 1-3.— Projections of Natural Science/ 
Engineering (NSE) B.S. Awards 
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NOTE' OTA projections of natura! science/engineering degrees assume a range 
of 4 to 7 percent of 22-year-oIds obtain B.S. degrees in natural science/ 
engineering, The rate In 1986 was 5 percent (7^ percent for ciii science/ 
engineering); the average rate from 1975-85 has declined from 8 to 7 per- 
cent for science/engineering, and has ranged from 4 to 5 percent for nat^ 
ural science/engineering (Center for Education Statistics degree data and 
U S. Bureau of the Census poputatlon data). Natural science/engineering 
does not Include the social sciences. 

SOURCE: U S. Department of Education, Center for Education Statistics. 
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Factor 



Table Factors Associated With Students' Majoring in Science and Engineering 

The most important factors that contribute to students majoring in science and engineering 

Principal effect 



Being in the academic track 

Taking the most demanding science and mathematics 
courses 

Race and ethnicity— -toeing white or Asian rather than 
Black or Hispanic 

Sex— male rather than female 

Family socioeconomic status— being able to afford 
college 

Parents— having a parent who is a scientist or engineer 

Early research participation 

Intrinsic interest— finding science enjoyable 

Having a good, enthusiastic science teacher and/or 
guidance counselor 

Participation in an intervention program 

Being in a science-intensive school 



Access to advanced courses and encouragement 
Preparation for college science or engineering major 

Cultural acceptance of science or engineering as a 
career 

Cultural acceptance of cclence or engineering as a 
careen no chlldbearlng/famlly conflicts with career 

Well-educated, school-oriented parents; access to good 
schools; Information on negotiating the system 

Role model, early and substantial exposure to science as 
process 

Early exposure to how science really works 

Curiosity about mathematics and science courses 

Heightened student Interest and achievement; positive 
attitudes toward science; college attendance 

Development of interest, enthusiasm, self-esteem 

Access to courses, labs, peers, and teachers— a science 
environment 



Factor 



Factors that may contribute to students majoring in science and engineering 

Likely principal effect 



Having a well-qualified science teacher 

Meeting or observing a scientist or engineer, having a 
role model 

Being taught using many science experiments ("hands- 
on" experience) 

Being In a school district with a science coordinator 



More likely to be knowledgeable about science and com- 
municate positive attitude 

Self-identification with science 

Heightened Interest and knowledge of reality of science 

School is likely to have better curricula and facilities 



Factor 



Factors about which there is little evidence of contribution 

Effect if any 



Being in summer science camp 

Television (e,g,, "3-2-1 Contact") 

Science centers and museums 

National Science Foundation mathematics and science 
curricula 

Having a teacher that has been through a National 
Science Foundation teacher Institute 

Having a good textbook 

State and local graduation requirements 

Being In a school or district that benefits from Depart- 
ment of Education Title II funding 

Career seminars and brochures 
Teacher salaries, . nd school funding 



Self-confidence and enthusiasm developed from science 
being a voluntary activity 

Heightened enthusiasm, self-concept, and knowledge 
about science 

Alternative to classroom; "Explainer" experience builds 
academic self-esteem 

More experimental work, more relevant content 

Teacher more interested In and knowledgeable about 
science 

More likely to maintain Interest in science classes 

More likely to take more and higher level mathematics 
and science classes 

Better trained teachers, more equipment 

Better knowledge of what science and engineering 
careers are about 

Richer schools can afford to do more in science, get bet- 
ter teachers, and retain them 



SOURCE: Office of Technology Aasessment, 1988. 



ERIC 



13 



11 



tended, early participation in scientific research, and 
availability of graduate funding. While the probabil- 
ity that a woman. Black, or Hispanic will major in 
science or engineering is many times lower than that 
of a white male, it is not easy to express and meas- 
ure exactly what it is about being female, a mem- 
ber of an ethnic minority, or a white male that leads 
to these behaviors.^ 



complexity of such questions of cause and effect is well de- 
scribed by a study of the causes of the national decline in achievement 
test scores, recently published by the Congressional Budget Office. U.S. 
Congress, Congressional Budget Office, Educational Achievement: Ex- 
planations and Implications of Recent Trends (Washington, DC: Au- 
gust 1987). 



It is not necessary to understand all the causes 
of cultural, racial, ethnic, and sex differences that 
underlie the propensity to major in science and engi- 
neering before seeking to make changes to the sys- 
tem. It is helpful, however, to understand how com- 
ing demographic changes will translate into the 
passage of talent through the education system. Al- 
though the talent pool forms as early as junior high 
school, its composition evolves from students who 
are interested in science and mathematics in the 
early grades and attend college, to those who major 
in science or engineering and actually earn degrees 
in these fields. 



THE SCIENCE AND ENGINEERING "PIPELINE' 



The formal education system is seen by many as 
a kind of "pipeline" through which students pass 
on their way to science and engineering careers. The 
pipeline is a model of the process that refines abun- 
dant "crude" talent into select "finished" products 
as signified by award of baccalaureate, master's, and 
doctorate degrees (for an example, see figure 1-4). 
According to this model: 

• "Although the talent pool seems to reach its 
maximum size before high school, migration 
into the pool continues to occur during grades 
9 through 12. However, after high school, migra- 
tion is almost entirely out of, not into, the 
pool."^^ 

• "The early years (prior to 9th grade) are criti- 
cal in recruiting students to the sciences. Socio- 
economic status (parental educational attain- 
ment, occupation, and income) is a strong 
influence at this stage, affecting values and for- 
mal and informal educational activities that 
have a major impact on the development of 
children's interests and abilities."" 

• "[In high school] the influence of aptitude and 
sense of competence are critical .... Particu- 
larly crucial are the decisions students make re- 
garding enrollment in advanced mathematics 
courses." 

• "Major losses to the science and engineering tal- 



•°Sue E. Bcrryinan, Who Will Do Science? A Special Report (New 
York, NY: The Rockefeller Foundation, 1983), p. 7. 

"Government-University-Industry Roundtable, Nurturing Science 
and Engineering Talent (>X^ashington, DC: National Academy Press, 
1987), p. V. Quotations below are from this source unless otherwise 
noted. 



ent pool occur during the college years. This 
signals the need to pay more attention to the 
quality of undergraduate programs— the extent 
of interaction between students and senior 
feculty, the balance between curricula designed 
to weed students out and curricula designed to 
nurture students along, and the availability of 
undergraduate research experiences." 
• "The transition from undergraduate to gradu- 
ate school is another big loss point ... . Stu- 
dents* perceptions of opportunity are key here. 
The availability of jobs, income potential, job 
security, and occupational status all come into 
play." 

The pipeline model emphasizes the links between 
all Stages of formal education, from kindergarten 
through graduate school. It suggests that an early 
display and recognition of talent is essential. With- 
out the traditional preparatory mathematics and sci- 
ence courses, students are left behind, unable to 
catch up if they aspire to a scientific or engineering 
career. Yet losses of aspiring science and engineer- 
ing students occur at each juncture in the pipeline. 
While an attitude of exclusivity has typified the cul- 
tivation of science and engineering talent, a broader 
base of learners has always been possible. The Na- 
tional Academy of Sciences concludes: 

Every educational and developmental stage is a 
potential point of intervention, and a comprehen- 
sive approach to nurturing science and engineering 
talent must address the whole pipeline.'^ 



'^Ibid. 
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Figurt 1-4.— Natural Sclenca/EnglnMring* Pipeline: r-ollowlng a Class From High School 

Through Graduate School 



1977 hK^ school sophomores 
4.000XXX) (100%) 



1977 hUh school sophomorss 
IntsrsstsdInNSE 730.000(16%) 



1979 hUh school sonbrs 
HsrsetsdhNSE 590.000(15%) 



1980 colsgs frsshmsn planniio 
NSEdsgrees 340.000(9%) 



1984NSEB.S. dsgrsss 206.000(1.5%) 

1984 NSE graduate students 61.000(1%) 
1986 NSE M.S. degrees 46.000(1%) 
1992 NSE Ph.D. s 9.700(0.2%)^ 




^•tural tcltnct/cnginMrino (NSE) inciudM phyticti, mtthtmttictl. and lite scicncts. and tnglnMring. but not th« social tclances 

« t » ^»^'!"P.* ^o^n***"®" tttlmata. bas«d on tha hiatorical rata in NSE of 5 parcant of B.S. graduataa going on for Ph.D.a (uaing an e-yaar avaraoa lag tima from 
B^to Ph.D.). if marfcat conditiona incraaaa damand for Ph.D.a, than thia aatimata may undaratata futura production of NSE Ph.D^. Tha numbar of NSE Ph D a in 
19M waa about 12,000, or ovar 7 parcant of NSE B.S. graduataa in 1978 (Cantar for Education Statiatica dagraa data). Aaauming 7 parcant of 1966 B.S. graduataa 



solid pradictlona. 

NOTE:Thaaa National Scianca Foundation aatimataa indicala tha ganaral pattam of tha NSE pipallna. but ara not actual numbars of atudanta In tha pipalina (For 
S'^ff^f V**^*"** "•^"^ aciancafanginaaring B.S. production waa 209,000 in 1986. Cantar for Education Statiatica data.) Tha aatimataa ara baaad on data from 
V^H'S'P*?^"!^^ **' Education aponaorad National Longitudinal Study of 1972 Saniora (for tha high school aanior through graduata achool tranaltlona) and 
High school and Bayond Study of 1960 Saniora (for tha high achool sophomora to high achool aanior tranaitlon). Since tha National Longitudinal Study waa 
conductad, atudant intaraat in NSE majora haa riaan, but it ia not yat claar whathar tranda in atudant intaraat with tima will follow tha pattam of 1972 high 
achool saniora ravaalad by tha National Longitudinal Study. " 

SOURCE: National Scianca Foundation, Th0 Scl9nc9 Md Engineering Pipeline, PRA Raport 87 2, April 1987, p. 3: and personal communication with National Scianca 
Foundstlon stsff. 
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Clarifying the Portrayal of Supply 

In reality, each rier of education has to work with 
the students with which it is fed.. In recent years, 
each tier has voiced serious complaints about the 
quality of students emerging from the preceding tier. 
Nevertheless, the task is to do the best with the avail- 
able students rather than bemoaning the situation 
and laying blame. OTA finds that the pipeline is 
not filled solely by the determined core of com* 
mitted students who display early promise, high 
achievement, and drive* Estimates suggest that 
one<^uarter of tho^e who eventually go on to ma* 
jor in science and engineering come from outside 
the academic (coUege^preparatory) curriculum 
track.*^ 

In the long run, the greatest influence on the size 
and quality of the science and engineering work 
force is elementary and secondary education, for it 
is the schools that interest and prepare, or fail to 
prepare, students with the necessary background in 
science and mathematics. Schools are asked to do 
many things for students, including inspiring an ap- 
preciation for knowledge and instilling good study 
habits for its pursuit. One of their tasks is identify- 
ing and sorting talent (the "college-bound"; for col- 
lege study, which targets students for certain careers. 
Schools, in effect, are purveyors and engineers of 
culture, as well as being gatekeepers to the profes- 
sions. This duality is expressed in competing desires 
for both mass and elite education: schools are ex- 
pected to arrange programs for the "gifted and tal- 
ented" and programs to bootstrap the disadvantaged 
and learning disabled. Against these, objectives, the 



'^crc is widespread disenchantment with the overall quality of 
elementary, secondary, and even higher education, which is perceived 
to be declining, while its cost is rising in real terms. See, for example, 
National Commission on Excellence in Education, A Nation at Risk 
(Washington, DC: April 1983); Carnegie Forum on Education and the 
Economy, A Nation Prepared: Teachers for the 21st Century, The Re- 
port of the Task Force on Teaching as a Profession (New York, NY: 
Carnegie Forum, May 1986); The Chronicle of Higher Education, 'Text 
of Presidents' Open Letter Urging Colleges To Be Active in School 
Reform," vol. 34, No. 4, Sept. 23, 1987, p. A23. 

*^is estimate is based on an analysis of the High School and Be- 
yond survey, class of 1982. Valerie E. Lee, "Identifying Potential Sci- 
entists and Engineers: An Analysis of the High School-College Tran- 
sition," OTA contractor report, September 1987. Though variations 
in the preparation and paths to a career in science or engineering are 
not well-understood, a detailed analysis of the relationship between 
course-taking and intended college major is contained in Office of Tech- 
nology Assessment, Elementary and Secondary Education for Science 
and Engineering^ op. cit., footnote 3. 



challenge is to prevent mathematics and science edu' 
cation from being shortchanged. 

Schools, therefore, can do a lot to p-epare or in* 
hibit students in science and engineering, through 
actions such as course offerings, curricula, testing, 
and tracking. Calls today for "technological liter- 
acy" echo the post-Sputnik battle cry that raised the 
level of mathematics and science consciousness— 
and content— in the schools. But the teaching of 
mathematics and science leaves much to be desired 
—content at the elementary level, pedagogical tech- 
niques in high school. The training of science teachers, 
with its emphasis on teaching methods, often fails 
to inculcate in future science teachers an under- 
standing of and enthusiasm for science as a process 
of inquiry, and not just a bundle of facts.^* 

The pipeline model is still a black box of thd edu- 
cational process that acts upon students. It potrays 
the net effects of this process as a dwindling supply 
of talent, with its composition in flux, that has been 
sorted and guided toward future careers that require 
additional education. As an analytical tool, the pipe- 
line illuminates choices an3 motivations both within 
students and schools. Each is future-oriented, antic- 
ipating a market that will match skills and inter- 
ests to expected employment needs. Although the 
match i« imperfect, the funding of these needs cre- 
ates "demand." 

Anticipating Future Demand for 
Scientists and Engineers 

The health of the economy, technological changes, 
and shifting government priorities, which cannot 
be projected with any useful degree of accuracy, all 
affect future demand for scientists and engineers (see 
table 1-2). Historically, this demand has been ris- 
ing, and many analysts expect that growth to con- 
tinue; but growth will vary significantly from field 
to field. The complexity of analyzing changes in de- 
mand for the relatively small science and engineer- 
ing work force confounds forecasts and increases 



^'Edward B. Harvey and Lorna R. Marsden, "Excellence and Equal- 
ity: The Contradiction in Science Teaching in America," Science Teach- 
ing: The Year in School Science 1985, Audrey B. Champagne and Leslie 
E. Hornig (eds.) (Washington, DC: American Association for the Ad- 
vancement of Science, 1986), pp. 126-147; Iris R. Weiss, "Pre- and In- 
Service Training, Roles of Various Actors, and Incentives to Quality 
Science Teaching," OTA workshop summary, September 1987. 
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The future supply of scientists and engineers could be improved by many actions. In the long tenm» the number of minorities 
that enter these field' r?i only be Increased if more attention is paid to elementary and secondary education, where 
the minority talent poc * unduly curtailed. Here» minority students participate in an Intervention program at the Lawrence 
Hall of Science, Califcmla, which offers special courses designed to interest students In science. Highly able white 
students could also ba encouraged toward science and engineering; many now opt for other careers, such as business, 
instead. In either case, the same techniques, such as hands^n experiments In science, help stimulate students* interest 

In, and understanding of, science. 



uncertainty, especially at the level of individual 
fields.^^ 

Federal actions, because of their pervasive effects 
on the economy and on the size and location of 
research and development (R&D) activities, have 



'^Concern for and methode of projecting employment demand for 
scientists and engineers were reviewed in U.S. Congress, Office of Tech- 
nology Assessment, Demographic Trends and the Scientific and Engi- 
neering Work Force— A Technical Memorandum t OTA-TM-SET-35 
(Washington, DC: U.S. Government Printing Office, December 1985), 
esp* ch. 3. OTA concluded first, that labor markets for scientists and 
engineers display considerable flexibility. These markets send signals 



Strong effects, both direct and indirect, on the de- 
mand. Spot shortages and surpluses in some dis- 
ciplines seem unavoidable as long as we maintain 
a dynamic economy. Recent examples include certain 
computer-related engineering and science subficlds, 
and resource geology before that. Market forces tend 
to correct such shortages before policy measures 



to potential new entrants and to existing participants causing them 
to realign their education and training according to market needs. Sec- 
ond, trends toward increasing participation by women, older students, 
and minorities will push overall participation rates up, even as birth 
cohorts shrink. 
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Tabto 1*2.^PMtor8 Inf lutncing Demand for and Supply of Sciontlsts and EnglnMrs 

Faeloit itiat ifierMM damMid " " 

• Incraasa In basic rataarch 

• Incraaaa In mission rasaarch 

• Economic growth 

• Incraaaing tachnologlcal aophlstlcatlon of U.S. manufacturing and satvlcas dua to sclan- 
t^tt prograaa, Intamational compatltlc.-^, and damand for a highar standard of living 

• incraaaa In sclanca and anglnaaring highar education enrollments (causing an Increased 
demand for faculty) 

Faelora that daofaaea damand 

• SarKling n9X> and anglnaaring offshore 

• Decrease In lM»ic or mission research 

• Economic raoesslon 

Faelofa that stuff demand tetwaen dlea^llnea 

• Automation of engineering funci(ons by means of computer-aided design and manufac* 
ur^ng and other communication and Information technologies 

• Using technicians for soma tasl(s now undartalcen by scientists and engineers 
Faeloca inf lu en ei ng aypply 

• Si?!? IP®'^ decrease of demand for self ntlsts and engineers modu* 
lx?irSit!i% •^^•"^•O* »cientlsts and engineers and the national level of R&D 

• The number of births and their racial and ethnic composition 

• Education at elementary, secondary, and higher levels 

• Permanent and temporary immigration of foreign scientists and anwlnee s 

• Initiatives to encourage different typas of Institutions to award more 
science and engineering degrees or award degrees at a higher level 

• Leglslation^and other actions that affect the opportunity to attend and afford college or 
graduate education * 

SOUaCE: Offlc« of T«chno4ooy Aummtnt. t9ii! " 



wouldJ^ Nevertheless, policy is needed to ensure a 
baseline capacity to adjust to market changes. 

Historically^ scientists and engineers have expcri- 
enced lower unemployment than other professionals. 
Based on employer reports and salary offers.to new 
graduates, at present, no long-term shortages are 
apparent.** Salaries are an indicator of demand; 
salary increases in a field or industry signal a need 
to attract more trained personnel, both new grad- 
uates and those elsewhere in the work force. For 
example, spot shortages in certain engineering spe- 
cialties (such as those supporting the energy boom 
of the 1970s and the electronics boom of the early 
1980s) occasionally drive salaries up rapidly before 
subsiding,^' 

^'More pronounced shortages are created by Federal research mis- 
tions» such as the Apollo program in the 1960s, See Arnold S. Lcvine, 
•The Apollo Program: Science and Engineering Personnel Demand 
Created by a Federal Research Mission/* OTA contractor report, Oc- 
tober 1966. 

^•National Science Foundation, Nttiontl Pttterns of Science znd 
Ttchnohgy Resources, NSF 86-309 (Washington, DC: 1986), 

'Engineering ularies over the past 30 years have been flat, in real 
dollars. The most recent information on job offers to science and engi- 



When the number of students in the educational 
system (usually at the undergraduate level where en- 
rollments indicate the likely future distribution of 
degreels): 

... is deemed too low in a given field, as compared 
with an anticipated need for their services, policy- 
makers can deploy strategies designed to increase 
this number. Broadly speaking, these strategies seek 
to increase the percentage of students at that stage 
majoring in the shortage field or to reduce student 
attrition up to that stage It appears that strate- 
gies designed to reduce the attrition from natural 
sciences and engineering courscwork are more real- 
istically based than field-specific strategies.^® 



ncering graduates indicates that although salaries are not increasing-a 
sign of a steady supply-at all degree levels scientists and engineers en- 
joy the highest average starting salaries relative to other fields. Com. 
mission on Professionals in Science and Technology, SmUhcs of Set- 
cnt!$ts, Engineers, tnd TechnktMns (Washinjtton, DC: Oaober 1987). 
A primary source of salary data is the annual Colltge Placement Council 
survey, which notes that average salary offers to women in 1987 were 
lower than to men in all fields except engineering (sec Manpower Com- 
ments, September 1987, pp. 12.13). 
National Science Foundation, op. cit„ footnote 6, p, 2. 
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STRATEGIES TO MEET FUTURE NEEDS: 
FEDERAL AND STATE ROLES 



In articulating concern about future numbers of 
scientists and engineers, politicians and industry 
leaders have linked educational needs to improving 
the Nation^s industrial competitiveness in a global 
economy. Several ttrategiet exist to hedfe afainst 
shifting national needs and any enduring tni$- 
match^ between increasing future demand for 
scientists and engineers and the siqpply that would 
result from unperturbed historical trends. Strate^ 
gies that emphasize the supply of talent must focus 
on education and the schools; therefore, the prin* 
cipal policy actors are Federal and State Govern^ 
ments. Various other institutions, however, have 
roles to play. 

Strategies are of two general types: retaining stu^ 
dents interested in a science or engineering career 
by reducing their attrition from the ulent pooI» 
and recruiting new students to enlarge the pool. 
One specific strategy is to encourage more students 
of the kind that have traditionally entered these 
careers, predominantly highly able white males, to 
shift firom their current careers of choice (such as 
business) back to science and engineering fields. 
Another is to enthuse the vast majority of students 
who are now disaffected from science in elementary 
and secondary education for whatever reason— poor 
teaching, undemanding curricula, or belief that sci^ 
ence and engineering are too difficult. Still another 
strategy i$ to provide more support to women and 
minorities to enter careers in science and engineer^ 
ing. There is n -^j^ emerging, in particular, a consid^ 
erabie body of empirical knowledge on the things 
that can be done to encourage women and minor^ 
ities to study science and engineering. Such actions 
include the introduction of role models, the use of 
intervention programs, familiarizing teachers with 
the subtle ways by which they discriminate by race 
and by gender, and creating a classroom climate of 
high expectations and self-esteem among students." 



^'Shirley M. Makom, Equhy and Excclknct: Compntibh Coats, An 
Ai9cs»ment of Proems That Facilitate Increased Access ?nd Achieve* 
ment of Females and Minorities in K-12 Mathematics and Science Edu* 
cation (Washington, DC: Office cf Opportunities in Science, Amer- 
ican Association for the Advancement of Science, December 1984), 
esp. pp. M-20. 



The surest strategy of all, and one that the United 
States has employed since these lands were first 
colonized, is to welcome immigration of scientists 
and engineers. American science and engineering 
has reaped longstanding benefits from this ready re^ 
source. At the graduate level, this policy is being 
applied in the face of declines in the numbers of U.S. 
citizens entering graduate school. The chief U.S. 
worry is an over-reliance on foreign talent, though 
it is unclear how much is "too much."" There are 
also ways of reducing the demand for U.S. scien^ 
tists and engineers. Including reducing spending on 
basic and applied research, making more intensive 
use of technicians, or taking R&D overseas and thus 
using foreign scientists and engineers. 

Federal Influence on the Production 
of Scientists and Engineers 

Federal R6d3 initiatives— although not intended 
primarily as personnel development programs- 
shape the research job market, the availability of 
academic research funds (including research assistant^ 
ships), and consequently, the demand for Ph.D.s. 
These effects are amplified by the private sector*$ 
job markets, too, when— as is often the case— Federal 
programs influence industry R&D decisk>ns. Under^ 
graduate enrollments also rei'pond to other Federal 
initiatives: the GI bill led to increases (especially of 
male veterans returning home after World War 
ID," Title VI of the Civil Rights Act of 1964 



^Importlns tatcni is concroverslal and risky, >ince impons may dip 
curb domestic labor markets and since concerns about "^brain drains** 
to the United States are already causing some foreif^n fiovernments to 
consider ways to stem the losses from their own taknr pools and to 
repatriate their citizens. Some also cite the oral communication skills 
of foreign-born fKulty and teKhing assistants as a problem In ut>dcf • 
graduate science and engineering education. Sec Elirtor G. Barber and 
Robert P. Morga n, TTic Itnfyact of Foreign Graduate Students on 
Engineerini Education (New York, NV and St. Louis, MO: Institute 
of International Education and Center (or De\*ck>pment Technology. 
Washinron University, June 1987). pp, 69-79. 

^*The Korean and Vietnam wars did not; enrollment increases- 
which occurred more in 2- than 4'year institutions tfter Vietnam- 
were proportional to population growth. U.S. Department of 
Commerce, Bureau of the Census, School EnroHmentSocial ar.d Eco- 
nomic Characteristics of Students: October 1976 (Washingto:., DC: 
February 1978), pp. 1-4. 
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boosted college attendance by minority students,^^ 
and Title IX of the 1972 Education Amendments 
increased the participation of women in higher edu- 
cation.'* 

The most demonstrably effective direct Federal 
invettmcRt in science and engineering education 
of Ph.D<s is the funding of graduate fellowships 
in specific fields of study* Though few in number, 
fellowships and traineeships help produce Ph.D*s 
and encourage studenU to shift their postdoctoral 
plans/^ There are few timely solutions to shortages 



^^Meycr Weinbc,if» The Search for Quab'v/ Imcgratcd Eduation: 
PoliCY Jiod R&circh on Minority Students in Schoc! ^nd CoJIcgc (West- 
port. CT: Greenwood Prcts. 1983). pp. 306-319. 

'^Phyllis Wei-Erh Cheng. University of Southern California, "The 
New Federalism ar>d Women's Educational Equity " unpublished maiv 
uscrip<, December 1987. 

**The postdoctoral fellow^lp {$ a multipurpose measure. For the re* 
cipient, it can be an award of distinction, a period for augmenting one's 
technical skills, and/or a way of postponing entry to a fallow market 
of. say, limited academic opponunity. Interpretations of po^tdoaorates 
as a post'Ph.D. status and activity must take Into account both im* 
pacts on the work force and the individual career. Sec National Re« 
Karch Council, Postdoctoral Appointments t^nd Disappointments 
(Washington. DC: National Academy Prw?, 1981); William Zumeta. 
"Anatomy of the Bcom in Postdoctoral Appointments During the 
1970s: Troubling Implications for Quality Science^ 5c/ence, Tcchnoh 
ogy, Sl Humtn Vthcs, vol. 9, No. 2, spring 1984, pp. 23-27. 




phcto endit: Csrt ZItitnm, G4efg0 kimon Untvrslty 



The Federal Government has a vital rote in supportino 
the infrastructure of gi^uate scltrKe and engineerino 
education In order to ensure an adequate supply of 
researchers. Federal support comes in several forms, 
recognizing the fundamental links, as well as the 
differenceg, between education and research at the 
graduate level. The principal forms are Institutional 
support, research contracts, and fellowships and 
traineeships awarded to students. In seeking to maintain 
the educational Infrastructure forsclence and engineering, 
Federal policy needs to address each of these forms. 



of specialized skills other than the versatility of those 
already in the work force. Fine-tuning the educa- 
tional system to affect the future production of sci- 
entists and engineers to meet anticipatci3 transient 
conditions of 'hanging job markets is difficult. The 
lag times in the education system, especially for 
Ph.D. scientists, arc long compared to the usual 
duration of shortages in particular employment 
markets. 

A long-term program to increase the pool of po- 
tential scientific and engineering talent and the qual- 
ity of those who eventually become scientists and 
engineers will have to tackle the schools as the p^ :n- 
cipal institutions that motivate, attract and deter 
sp::'5nts from various careers^'' Other u ng-term 
measures might include: 

• Federal support of special intervention programs 
to recruit and retain women and minorities in 
science and engineering (and eventually to in- 
stitutionalize in the schools and colleges the in- 
terventions that work). 

• Federal support for the propagation of higher 
education environments that arc unusually pro- 
ductive of baccalaureates .vho eventually gain 
Ph.D.s in science and engineering. (These envi- 
ronments include not only research universi- 
ties, but also others that excel at integrating 
teaching and research for particular popula* 
tions: private liberal arts colleges, including a 
subset of predominantly women's colleges and 
traditionally Black institutions.*^) 

• Focusing the responsibility for precollege math- 
ematics and science (addressed to teachers and 
students alike), as, well as undergraduate science 
and engineering programs, experiments, and 
evaluations, on the National Science Founda- 



^'Familtes, peers, and outK)f*school influences (e.g., churches and 
community organizations) interact with Khools. teachers, and coun« 
sclors to underscore {or undermine) the image of science and tngjncering 
in American culture. See Robert E. Fulliiovei "Images of Science: Fac* 
tors Affecting the Choice of Science as a Career," OTA contractor 
report, I9S7. The contrast of these interactions in Japanese culture is 
explored in Wilifam K. CummingSi "Interrutionnl Comparison of Sci« 
ence and Engineering Work Force Policies: Japan," OTA contractor 
report. I9S7. 

**Sce, for example, M. Elizabeth Tidball. "B-:calaureate Origins of 
Recent Natural Science Doctontes** Journal of Higher Education, x-ol. 
57, Mo. 6, Kovember Deccmber I9S6. pp. 606-620; Gail E. Thomas. 
"Black Students in U.S. Graduate and Profcisional Schools in the I9SC^: 
A National and Institutional Aisessment" Harvard Educational Rc* 
view, v-ol. 57, No. 3, August I9S7, pp. 261.282. 
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tion's (NSF) Science and Engineering Educa- 
tion (SEE) Directorate. 

Interaction of the States and the 
Federal Government 

Although the Federal role in the national educa- 
tion system is old (through the Northwest Ordinance, 
it predates the U.S. Constitution), it is limited. Un- 
der the 10th Amendment to the U.S. Constitution, 
education is a power reserved to the States and the 
people and, as such, is taken very seriously by State 
legislatures and governments; it is the largest single 
item of State spending.^' States, in turn, delegate 
their responsibilities for education to other bodies. 
In the case of elementary and secondary education, 
the provision and some of the funding of education 
pxe the charges of locally elected school districts, 
which hire their own teachers and staff and make 
many curricular decisions. Public university and col- 
lege systems have extensive autonomy over higher 
education, but rely on States for funding. 

Two Federal agencies, NSF and the Department 
of Education, specifically address science and engi- 
neering education. The mission agencies,^ through 
R&iD and a potpourri of programs, also contribute 
mightily. Under its enabling legislation, NSF is spe- 
cifically charged with monitoring and maintaining 
the quality of the science and engineering work 
force. It is authorized and directed: 

... to initiate and support basic scientific research 
and programs to strengthen scientific research pO' 
tential and science education programs at all levels 
in the mathematical, physical, medical, biological, 
engineering, social, and other sciences. . . 

Even with the transfer of some functions to the De- 
partment of Education through later amendments 
and reauthorizations, the promotion of basic re- 



^J.S. Department of Commerce, Bureau of the Census, State Gov- 
ernmcnt Finances in 1985, GF85'No. 3 (Washington, DC: December 
1986). 

Mission agencies carry out the Federal responsibility in such areas 
as health, defense, space, energy, and agriculture. This division of la- 
bor corresponds to the Office of Management and Budget's categories 
in the Federal budget. The main research and development agencies 
are the National Institutes of Health, the Department of Defense, the 
National Aeronautics and Space Administration, the Department of 
Energy, and the U.S. Department of Agriculture. 

"180 U.S.C.A. (Ch. 16, National Science Foundation, Sec. 1862. 
Functions), 1987, p. 187. 



search and of education in science remains equal 
within the NSF mandate.-^^ Until very recently, 
this mandate has been narrowly interpreted by the 
research community and the NSF leadership as 
mainly the provision of Federal basic research fiinds 
to the Nation's colleges and universities."^^ 

The Department of Education is responsible for 
overseeing the general health of the entire national 
education system. It operates many major programs 
that, in fiscal year 1988, will provide $20 billion to 
States, school districts, colleges, and universities— 
approximately 6 to 7 percent of the national total 
spent on education."^^ Its charter calls for the col- 
lection of a huge variety of data, statistics, and re- 
search on education, and categorical support for stu- 
dents. The di\ision of functions between NSF and 
the Department of Education is mirrored in Con- 
gress, where different committees have oversight and 
appropriations authority over research and edu- 
cation. 

The overall Federal role in science and engineer- 
ing education, exercised through NSF, the Depart- 
ment of Education, and the mission agencies, is most 
prominent at the undergraduate and graduate levels 
(see table 1-3). Graduate education relies heavily on 
Federal student, institutional, and research support. 
Financial aid progi'ams. Federal research support, 
and the successive mounting and abandonment of 
research-intensive domestic and military programs 
influence the supply of and the demand for scien- 
tists and engineers. In particular, there is ample evi- 
dence that Ph.D.s, overall and in a given field, can 
be "bought" by offering fellowships, traineeships. 



'^It is debatable whether an equal emphasis on research and edu' 
cation should translate into relatively equal dollars. Clearly, this has 
not been the case. In terms of outcomes, it is comparable to weighing 
the returns from investing a research fellowship in one Ph.D. candi' 
date versus supporting a summer institute experience for three or four 
high school science teachers. The dollar equivalency will yield a meaS' 
urable near-term effect on one student and his or her career, but an 
indirect, longer-term effect on perhaps untold numbers of students. 
Which is the better, or more effective. Federal investment? 

'^he emphasis of the current National Science Foundation leader- 
ship on centers and corporate participation in applications-oriented 
university-based research, in addition to individual investigator projects, 
is a clear break from the post-Vannevar Bush tradition. See Deborah 
Shapley and Rustum Roy, Lost at the Frontier: U.S. Science and Tech 
nology Policy Adrift (Philadelphia, PA: IS! Press, 1985), esp. chs. 1-3. 

'^U.S. Department of Education, Digest of Education Statistics 
1987, op. cit,, footnote 7, pp. 25, 263-267. (The percentage is based 
on data for fiscal year 1985.) 



ERIC 



27 



19 



Table 1-3.— Major Federal Programs Affecting the Education of Future Scientists and Engineers 



National Science Foundation ($100*$300 million)* 

• K*12: teacher training, curriculum and materials development, informal education, research, recognition program for ex- 
emplary teachers, research participation for high school students 

• Undergraduate: research participation, instrumentation, undergraduate creativity awards 

• Graduate: graduate fellowships, graduate fellowships for minorities, research assistantships via research contracts, engi* 
neering fellowships 

U.S. Department of Education ($200 $500 million) 

• K-12: Title II, Education for Economic Security Act, used primarily for science and mathematics teacher training; magnet 
school grants (not specifically targeted to science and engineering); discretionary programs 

• Undergraduate: Pell Grants (not specifically targeted to science and engineering). Minority Science Improvement Program, 
cooperative education (about 15-30 percent of cooperative students are in science and engineering) 

• Graduate: Minority Institutions Science Improvement Program; Graduate and Professional Opportunities Program; Javits 
Predoctoral Fellowships 

National Institutes of Health ($400 $500 million) 

• K-12: research apprenticeships for minorities 

• Undergraduate: Minority Access to Research Careers Program, Minority Biomedical Research Support 

• Graduate: National Research Service Awards Predoctoral Training Grants, research assistantships {funded via research 
contracts, National Institutes of Mental Health Minority Fellowships 

Other agencies with substantial science education efforts 

K'12 

• U.S. Department of Agriculture: 4H, research apprenticeships 

• U.S. Department of Defense: research apprenticeships at laboratories 

• U.S. Department of Energy: Prefreshman Engineering Program, for women and minorities; student research apprentice* 
ships and teacher training institutes at national laboratories 

• National Aeronautics and Space Administration: research apprenticeships, teacher workshops, and resource centers 
Undergraduate 

• U.S. Department of Agriculture: Land Grant allocations (not specifically targeted to science and engineering) 

• U.S. Department of Commerce: National Oceanic and Atmospheric Administration Sea Grant Program 

• U.S. Department of Defense: Reserve Officer Training Corps (ROTC) (about 75 percent of funds are spent on science and 
engineering majors) 

• U.S. Department of Energy: University'Laboratory Cooperative Program for summer research 

• Department of Health and Human Services: Health Careers Opportunities Program 
Graduate 

• U.S. Department of Agriculture: Land Grant allocations (not specifically targeted to science and engineering) 

• U.S. Department of Defense: research assistantships via research contracts, graduate fellowships 

• U.S. Department of Energy: fellowships In particular research fields, summer research participation grants, research as- 
sistantships funded via research contracts 

• U.S. Environmental Protection Agency: research assistantships via research contracts 

• National Aeronautics and Space Administration: graduate fellowships, minority graduate fellowships, researcfi assistant* 
ships via research contracts 

^NOTE: Estimates of annua! spending are from 1988. With the exception of those in the National Science Foundation, each of the programs listed here is funded at 
the level of at least Si million per year. Institutional development programs are omitted. 

SOURCE: Office of Technology Assessment, 198d< 



and research assistantships, which lessen the bur^ 
den of cost to students while offering them valu' 
able apprenticeships as they progress toward the de- 
gree."^^ In the near term, this step is probably the 
most effective way to increase the output of Ph.D.s, 
who form the core of our research scientists and 
engineers. In the longer term, research support and 

^^Arthur M. Hauptman, Students in Graduate and Professional 
Education: What We Know and Need To Know (Washington, DC: 
Association of American Universities, 1986); Michael T. Nettles, Fi- 
nancial Aid and Minority Participation in Graduate Education ^ A Re* 
search Report of the Minority Graduate Education Project (Princeton, 
NJ: Educational Testing Service, 1987). 



a robust university infrastructure sustain the Na- 
tion's capacity to replenish the supply of scientists 
and engineers, so long as those entering college are 
both interested and prepared for these careers. 

From the perspective of Congress, however, elemen- 
tary and secondary education is at the same time 
the part of the system in greatest need of improve- 
ment and also the most removed from direct Fed- 
eral influence. National Science Foundation fund- 
ing for elementary and secondary mathematics and 
science education peaked in fiscal year 1964, but 
even then represented less than one-half of 1 per- 
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cent of all spending on elementary and secondary 
education.^^ NSF programs have focused princi- 
pally on curriculum development and teacher train- 
ing. Since fiscal year 1984, budget support for mathe- 



^Michael S. Knapp ct al., "Part Three: NSF's Investment History 
in K»!2 Science Education," Opporfun/r/cr /or Srrafeg/c /n\'c5fn]enf 
in K'\2 Saencc fc/ucaf/on; Options /or the National Science Founda- 
tion, Volume 2 {Ucn\o Park, CA: SRI International June 1987); U.S. 
Department of Education, Digest of Education Statistics 1937 ^ op. cit., 
footnote 7, p. 25. 



matics and science education has grown conspicuously 
in response to congressional initiatives.^' 



^'In a National Science Foundation budget totaling $1.7 billion in 
fiscal year 1988, the Science and Engineering Education Directorate 
increased by 40 percent to Si 39 million. Following the reinstatement 
of the Science and Engineering Education Directorate in 19S2, fund- 
ing for elementary and secondary programs has increased steadily from 
$3.8 million in fiscal year 1983 to an estimated $80 million to $85 mil- 
lion in fiscal year 1988. 



NATIONAL NEEDS AND THE GOALS OF SCIENCE AND 
ENGINEERING EDUCATION 



The national goal of maintaining and invigorat- 
ing a science and engineering work force demands 
policy efforts on three fronts to create adequate 
numbers of well-prepared students available to serve 
as scientists and engineers. First, capable young peo- 
ple must be welcomed throughout the educational 
process. Second, their talents must be nurtured by 
elementary and secondary schools and institutions 
of higher education. Third, they must perceive em- 
ployment opportunities that utilize their talents by 
providing fulfilling work. 

The pool of potential talent needs to be large and 
versatile, whether or not there is reason to fear a 
future shortage of scientists and engineers. To the 
extent that the education system unduly limits the 
talent pool by prematurely shunting aside students 
or accepting society's gender, race, and class biases 
in its talent selection, it is acting out a self-fulfilling 
prophecy of demographic determinism. Using the 
past performance and interests of minority students 
in science and engineering to project an inevitable 
shortage in these fields, for example, is a counsel 
of despair. In conveying information about the os- 
tensibly desirable social and intellectual character- 
istics of scientists and engineers, seasoned with the 
stereotypes and images that permeate American cul- 
ture, the formal education system sorts many other- 
wise talented students out of the science and engi- 
neering pipeline. 

It is clear that American schools, colleges, and 
universities have the capacity to provide enough 
qualified scientists and engineers to meet the Na- 
tion's needs. However, there is evidence that the 



system may not be working as well as it could. Our 
schools can learn to identify talent better and to 
nurture it with greater care. Our universities can 
take measures to attract and retain more talent in 
science and engineering. Students who now fall 
through the cracks can be better served— both by 
the formal system and by informal means. All of 
these approaches can lead to a larger, stronger pool 
of talent that reflects the variety of American soci- 
ety in serving its future technological needs. 

The loss of a potential scientist or engineer to a 
career in another profession is still society's gain. 
We would hope that our education system would 
prepare students for careers that will be in demand. 
But the market is too unpredictable to target spe- 
cific personnel needs, so the goal of education, in- 
cluding that for science and engineering, should be 
to prepare students for an uncertain future by im- 
parting a range of skills, This means that the skills 
of scientists and engineers must be both special^ 
ized enough to satisfy the demands of a stable map 
ket for science and engineering faculty and indus' 
trial researchers and general enough to qualify 
degree'holders for special opportunities that arise 
farther afield from their training but grow cen* 
tral to the national interest.^^ 



dynamic economy will create such national needs and im- 
balances. The best preparation for them is a malleable stock of what 
some economists call "human capital." See Howard P. Tuckman, "The 
Supply of Scientists and Engineers in an Era of Institutional and Tech' 
nological Change," Policy Research and Analysis Workshop on an 
Agenda for Science Policy Research (Washington, DC: National Sci' 
encc Foundation, Sept, 17, 1987). 
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Chapter 2 

Elementai7 and Secondary Education: 

Shaping the Talent Pool 



KEY QUESTIONS 



• What factors are associated with students' choices 
to major in science or engineering in college? 

• What can schools do to interest, motivate, and 
prepare students for careers in science or engi- 
neering? 



• What influences outside school have similar 
effects? 

• What has prior Federal policy attempted to do 
and how successful has it been? 



KEY FINDINGS 



• Mathematics preparation, hands-on laboratory 
and field experience, research participation, 
teachers' high expectations, high-quality teach- 
ing, and placement in the academic curriculum 
track or in a science-intensive school are cor- 
related with interest in majoring in science or engi- 
neering in college. 

• Career interests and expectations are also shaped 
by outof'school experiences. Families are critically 
important influences. 

• Elementary and secondary education as a whole 
needs renovation; mathematics and science are 
but one part of it. That huge system resists re- 
forms. There are few incentives for teachers and 
schools to give most students the academic prep- 
aration required for a science or engineering 
career. 

• Intervention programs, based both in the com- 
munity and in the schools, can enrich children's 
experiences with and attitudes toward mathe- 
matics and science. Informal education in museums, 
science centers, summer camps, and community 
facilities may help remove barriers to learning. 

The future supply of scientists and engineers de- 
pends, in the final analysis, on how well schools, 
families, and communities encourage children to 
study science and engineering. Many more students 
could emerge from high school interested in science 
and engineering, with good preparation in mathe- 
matics and science, than now do so. It is not easy. 



though, to identify what factors encourage students 
to prepare for science and engineering careers, or 
what factors deter them, (An attempt is made in 
chapter 1, table 1-1.) Students need interest, abil- 
ity, and preparation in science and mathematics; 
none of these alone is sufficient. Students' social and 
economic standing, cultural traditions, sex, race, and 
ethnicity in turn shape their interest in science and 
engineering, their access to courses, and future 
educational opportunities. Many schools could do 
better jobs of encouraging students, of both sexes 
and of all ethnic backgrounds, to prepare for sci- 
ence and engineering careers. Other informal ex- 
periences, such as science centers and museums, 
educational television, and summer research pro- 
grams, can also help generate interest. 

In general, family, friends, and the media shape 
students' attitudes about careers in science and engi- 
neering. Unsupportive parents and friends or neg- 
ative stereotypes of science can dim students' visions 
of such careers more surely than boring textbooks 
or teachers.' Researchers have documented the im- 
ages of science that young students hold by asking 
them for written descriptions or drawings of scien- 
tists (see box 2-A). These results speak eloquendy 
of the formidable task confronting a culture in con- 
tinuing need of new scientists and engineers. 



'Robert E, Fullilovc, "Images of Science: Factors Affecting the 
Choice of Science as a Career," OTA contractor report, September 
1987. 
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Box 2-A.— The Unchanging Image of the Scientist 

Children's ideas about scientists have changed little over the past 30 years. In 1957, Mead and Metraux summarized 
the views of about 35,000 high school students, noting consistently shared characteristics, and then a division between a 
positive and negative image: ^ 

Shared Image 

The scientist is a man who wears a white coat and works m a laboratory. He is elderly or middle aged and wears glasses 

He may be bald. He may wear a beard, may be unshaven and unkempt. He may be stooped and tired He is surrounded by 

equipment: test tubes, bunsen burners, flasks and bottles, a jungle gym of blown glass tubes and weird machines with dials 

He spends his days doing experiments. He pours chemicals from one test tube into another He experiments with plants and 

animals, cutting them apart, injecting serum into animals 

Poiitive Image Negative Image 

He IS a very intelligent man— a genius He has long years of The scientist is a brain. He spends his days indoors, sitting m 
expensive training. He is interested m his work and takes it seri- a laboratory, pounng things from one test tube into another. His 
ously. He works for long hours m the laboratory, sometimes day work is uninteresting, dull, monotonous, tedious, time consum- 

and night, going without food and sleep . He is prepared to mg He may live m a cold water flat His work may be 

work for years without getting results. One day he may straighten dangerous. Chemicals may explode. He may be hurt by radia- 
up and shout: 'Tvc found it! I've found it!" . . . Through his work tion or may die. If he docs medical research, he may bring home 
people will be healthier and live longer, they will have new and disease, or may use himself as a guinea pig, or may even acciden- 

better products to make life easier and pleasanter at home, and tally kill someone He is so involved with his work that he 

our country will be protected from enemies abroad. doesn't know what is going on in the world. He has no other 

interests and neglects his body for his mind. ... He has no so- 
cial life, no other intellectual interests, no hobbies or relaxations. 
He bores his wife. ... He brings home work and also bugs and 
creepy things. 

(See page 42 for student drawings of scientists.) 

Based on their analysis. Mead and Metraux suggested that the mass media should emphasize the real, human rewards of 
science, the enjoyment of group work, and how science works. Schools, they said, should: 

• emphasize participation in the classroom rather than passive learning; 

• emphasize group projects; 

• teach science as immediately pertinent to human values, living things, and the natural world; 

• teach mathematical principles much earlier; 

• provide teachers who enjoy and are proficient in science; 

• make sure that teaching and counseling encourage girls; 

• de-emphasize the rare individual geniuses of science, such as Einstein, to make science more accessible to the average 
child and emphasize the individual sciences as broad fields of endeavor; 

• avoid talking about "Science, Scientists, and The Scientific Method" as a whole, and rather, talk about individual 
fields and what different methods are; and 

• emphasize life sciences, humans, and other living things to make science more immediate to children. 

Children of the 1980s hold images of science and scientists that are essentially unchanged from those of the 1950s. In 
1986, researchers at Harvard University's Educational Technology Center applied Mead and Metraux*s methodology to 
another generation of potential scientists. They reported that: 

Most responses sounded familiar: scientists are nerds and science is important but boring. The students had little inkling of 
the day-to-day intellectual activities of scientists, of what experiments are for, or of the social nature of the scientific enterprise. 

Also in 1986, Cheryl Mason investigated the source of students* images, based on drawings of scientists made by chil- 
dren using a "Draw-A-Scientist Test."^ Two representative examples are shown below. Most drawings portray the familiar 
stereotype: the scientist is an elderly male, wearing a white coat and glasses and performing dangerous experiments. Inter- 
views with 14- and 15-year-olds revealed that most students had developed impressions of science and scientists through 
movies and cartoons **. . . which depicted scientists as mad, antisocial men.*' 

Such images are potent and persistent. They enter into students* decisions about courses and careers. In part, these 
images reflect real characteristics of many scientists. To the extent that the stereotypes mask the diversity and ordinariness 
of many scientists, however, they may unduly deter children from pursuing science. Images are difficult to change. Teacher 
training is important; many students in Mason*s study cited teachers* personalities and their teaching methods as reasons 
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for not liking science. Other approaches include exposure to a diversity of real-life scientists through field trips, guest presen- 
tations, and cooperative education and research work experience. Mead and Metraux's prescription still holds. 

'The following arc direct quotes from Margaret Mead arxi Rhoda Metraux, "Image of the Scientists Among High School Students," Sacncc, vol. 126, 
Au«. 30. 1957, pp. 384-390. 

^Harvard EducMtion Utter, "Why Do Few Students Want to Become Scientists?" vol. 4, No. 1, January 1988, p. 6. 

'Cheryl L. Mason, Purdue University, "Student Anitudes Toward Saence and Science-Related Careers. An Investigation of the Efficacy of a High School 
Biology Teacher Intervention Program," unpublished doctoral dissertation, 1986 



SCHOOLS AND STUDENTS 



Elementary and secondary education is a huge and 
varied enterprise in the United States, costing $170 
billion per year, 4 percent of the gross national prod- 
ua. It uses 2.5 million teachers, takes place in more 
than 60,000 public and 40,000 private schools, and 
enrolls 45 million students. Public education takes 
place in 16,000 school districts and is the single great- 
est component of State spending. In 1984-85, States 
contributed about 49 percent of the cost of running 
public schools nationwide, while local authorities 
and the Federal Government provided 45 and 6 per- 
cent, respectively. It costs about $4,000 per year to 
educate a student.^ 

The quality of schools is crucial in determining 
the size and quality of the science and engineering 
talent jxwl. The tradition of local control, however, 
limits Federal influence over this stage in the prep- 
aration of potential scientists and engineers. The 
Constitution "reserves to the States and the peo- 
ple" many residual powers, including education. In 
turn, the States (except Hawaii) delegate this respon- 
sibility to localities. School districts and schools, 
within the general boundaries of State education 
standards, decide which mathematics and science 
courses will be offered. Teachers and guidance coun- 
selors, using standardized tests and individual judg- 
ments, decide which students will be encouraged to 
pursue courses leading to higher education in sci- 



^.S. Department of Education. Office of Educational Research and 
Improvement, Center for Education Statistics, Digest of Education Sta' 
tistics ;jW7 (Washington, DC: May 1987), tables 3. 4, 5, 21. 59, and 
93. Data are the most recent in each case, but are drawn from various 
years between 1980 and 1967. 



ence or engineering and which, perhaps unwittingly, 
will be discouraged. 

Many scientists and engineers say their career in- 
terest crystallized as early as elementary or junior 
high school, and most seem to make explicit choices 
before entry into high school. This has led to the 
widespread belief that future scientists and engineers 
select these majors early in life, then work hard and 
persist with their plans without considering other 
choices.^ But new evidence suggests that many stu- 
dents' plans for their lives, as reflected in their in- 
tended college majors, change during high school.^ 

Preparing scientists and engineers is but one of 
many tasks that schools are asked to do. Instead 
of playing "talent scout" and encouraging those with 
the enthusiasm and ability to pursue science or engi- 
neering careers, schools too often see their function 
as culling out those who do not fit the traditional 
image of those destined for college and the profes- 
sions by discouraging them ftom taking prepara^ry 
courses (including electives).^ All capable students 
should feel welcome to study science and mathe- 
matics, not just those who believe they "need" such 
courses for their future careers. 



'Historical evidence for this belief is collected in Bernice T. Eidu- 
son and Linda Beckman (cds.), Science as a Career Choice (New York. 
NY: Russell Sage Foundation. 1973). 

^Valerie E. Lee. "Identifying Potential Scientists and Engineers: An 
Analysis of the High School'College Transition/' OTA contractor re' 
port, September 1987. 

^For example, sec Mary Budd Rowe, "Getting Chemistry Off the 
Killer Course List " Journal of Chemical Education, vol. 60. 1963, pp. 
954-956. 
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Schcx)! practices such as ability grouping or track- 
ing arc often applied too rigidly, restricting the prep- 
aration of students who would otherwise be capa- 
ble of pursuing careers as scientists or engineers. Poor 
teaching, restricted course offerings, and dull or un- 
realistic mathemarics and science curricula also dis- 
courage students. In many schook, students' course- 
work could be more wisely guided.^ 

In these ways, some American schook deprive able 
students of adequate preparation for science and 
engineering careers. The decentralized American 
school system resists change, so improvements are 
very difficult to propagate. Certainly, Federal pol- 
icy options are limited in this sphere* State educa- 
tion standards are undergoing intense scrutiny and 
are being tightened.^ Results will be slow to ap- 
pear.® 



^me argue that the democracc tradition of American education 
is sometimes observed most fully in the breach. The resulting lack of 
student preparation wastes talent. See P.A. Cusick, 77ie Egalitarian 
Ideal and the American High School (New York, NY: Longman, 1983), 
Arthur G. Powell, The Shoppir^ Mall High School: Winners and Losers 
in the Educational Marketplace (Boston, MA: Houghton Mifflin, 1985). 

^ucation Commiuion of the States, Survey of State Initiatives to 
Improve Science and Mathematics Education (Denver, CO: Septem- 
ber 1987). 

^There are some indicators of declining quality, particularly in 
achievement test scores. Data from the National Assessment of Educa- 
tional Progress, a congressionally-mandated study of student achieve- 
ment in several subject areas, for instance, show that the science achieve- 
ment scores of 9-, 13-, and 17-year-old students have declined 
continuously since the first science assessment in 1969, although scores 
of 9' and 1 3-year-olds have risen somewhat since the mid-1970s. Math- 
emada achievement test scores of all age groups fell between 1972 and 
1978, but, with the exception of 17-year-olds, these losses were recouped 
by 1982. See National Science Board, Science Indicators: The 1985 
Report (Washington, DC: U.S. Government Printing Office, 1985), 
p. 125. The science assessments for 1969, 1972-73, and 1976-77 were 
conduaed by the Education Commission of the States and are sum- 
marized in National Assessment of Educational Progress, TTiree Na- 
tional Assessments of Science: Changes in Achievement, 1969-77 (Den- 
ver, CO: Education Commission of the States, June 1978). The science 
assessment for 1982 was, however, a special supplement conducted by 
the Saence Assessment and Research Project at the University of Min- 
nesota and was funded by the National Science Foundation (rather 
than the Department of Education). The assessment is summarized in 
Stacey J. Hueftle et al., Images of Science: A Summary of Results From 
the 1981'82 National Assessment in Science (Minneapolis, MN: Min- 
nesota Research and Evaluation Center, 1983). For mathematics, see 
p. 126 of the National Science Board's 5c/ence Indicators (referenced 
above); National Assessment of Educational Progress, TTie Thtrd Na- 
tional Mathematics Assessment: Results, Trends, and Issues (Denver, 
CO: Education Commission of the States, April 1983). 

In addition, international comparisons— while difRcult to interpret 
because of the great diflierences between the education systems of differ- 
ent nations— show that the achievement test scores of those U.S. :tu- 
dents taking the traditional regimen of courses preparatory for science 
and engineering careers lag those of their peers in other developed r.a- 



Formal Mathematics and 
Science Education 

Many aspects of elementary and secondary school 
education in mathematics and science, such as over- 
rigid tracking, poor curricula, and inadequate reach- 
ing, limit all students' opportunities and encourage* 
ments to major in science and engineering in college. 
For example, it is widely acknowledged that practi- 
cal science experiments undertaken by students are 
an effective teaching method (and that students like 
them), but their role in high school science classes 
has declined somewhat during the last decade: lec- 
tures and discussions are more common.^ 



tions, including Japan and Great Britain. See Curtis C. McKnight et 
al., TTie Vnderachievirig Curriculum: Assessing V,S. School Mathe- 
matics From an Internadotial Perspective (Champaign, IL: Stipes Pub- 
lishing Co., January 1987), pp. 22-30; F. Joe Crosswhite et al., Second 
hizernattonal Mathematics Study: Summary Report for the United 
Scates (Washington, DC: National Center for Education Statistics, May 
1985), pp. 4, 51 , 61-68, and 70-74; Willard J. Jacobson et al.. TTic Sec- 
ond lEA Science Study-^VS, , revised edition (New York, NY: Teachers 
College, Columbia University, September 1987); Robert Rothman, "For- 
eigners CXitpace American Students in Science,^ Education Week, Apr, 
29, 1987, p. 7; yf^ayne^Jk^^Comparisonofthe Achievement of Amer- 
ican Elementary and Secondary Pupils With Those Abroad'-The Ex- 
aminations Sponsored by the International Association for the Evaiu- 
ation of Educational Achievement, 86-683 EPW (Washington, DC: 
Library of Congress, Congressional Research Service, Nov. 27, 1984, 
updated June 30, 1986). Declines in laboratory work in schools have 
also been attributed, for example, to its high expense and concerns 
about safety and liability. 

Iris R. Weiss. Report of the 1985-86 National Survey of Saence and 
Mathematics Education (Research Triangle Park. NC: Research Tn- 
angle Institute, November 1987), table 25, p. 49. 
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Lectures and discussions are the most common teaching 
technique employed in mathematics and science 
classes. Too often, students emerge bored 
and alienated from science. 
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Tabl« 2*1.— Comparison of Soloclsd Mathomatics and Scitnct Course Offsrings by 
School Qradt Rango* 1977 and 198SM 



Pefcentape of schools offering course 



Of all schools with Of all schools with 

at least grades 7-9* at least grades 10-12* 



Course title 


1977 


1985^ 


1977 


1985<86 


M&tff0mMtlcs: 










Qeneral mathematics, grade 9 


36 


33 


59 


64 




17 


42 


46 








57 


— 


99 






36 


— 


92 




33 


41 


97 


95 






23 


54 


59 


Protebliity/statlstlcs 


3 


6 


7 


14 


Advanced senior mathematics, 














12 


— 


36 


Advanced senior mathematics, 












12 


— 


34 




7 


14 


31 


31 


Advanced placement calculus 




6 


— 


18 


Sc/eoce: 












22 


57 


18 


46 




28 


57 


37 


52 




23 


53 


40 


68 




65 


43 


23 


25 


Qeneral science, grade 8 


57 


41 


26 


26 




21 


17 


46 


31 




6 


6 


11 


18 


Biology, 1st year 


30 


41 


95 


99 




23 


34 


89 


91 




22 


32 


78 


81 






17 




53 






10 




28 






4 




11 



*n>«M tehoola may alio contain higiyr or lowar gradoa, rtapacttvtty, but muat at minimum covar th« grada ranga apaclflftd 



SOURCE: Iria R. >Mu, Report of th€ 1965-96 Nationat Su/vay of Sc/anca and Maffttvnaf/ca EducaUon (Raaatrch Triangla Park, NC- Raaaarch Triangia Inatltuta. Novam> 
tm 1917), taMos 4 and 5 



In the Nation's schools, offerings of mathematics 
and science courses vary widely, '° Many offer less 
than full ranges of college preparatory courses in 
mathematics and the sciences and a few have only 
very limited offerings. For example, data indicate 
that 81 percent offer at least 1 year of physics, but 
only 3 1 percent of high schools offer calculus (see 
table 2-1). There are also significant geographical 
differences in mathematics and science course offer- 
ings: schools in the West and Mountain States tend 
to offer fewer science and matliematics courses than 
those in other regions of the country, and rural 



*^ata about course offeringft and takings are very difficult to inter- 
pret becauK there is little consistency among analysts about the clas- 
aification system to use in aggregating the huge variety of course titles 
that exist in schools. In addition, there is no guarantee that two courses 
of the same name have similar content. 



schools offer tiewer than urban ones." The number 
and range of mathematics and science courses 
offered by schools, however, increased somewhat 
between 1977 and 1985-86.'' 

Even when such courses are offered, enrollments 
are very low. Findings from a survey of 1982 high 
school graduates (the best available data on the 
courses that students actually take) suggested that 
less than 12 percent of students to whom calculus 
was offered, and less than 20 percent to whom 



"National Center for Education Statistics, "Science and Mathe- 
mattes Education in American High Schools: Results From the High 
School and Beyond Study." bulletin, May 1984. pp. 16-21; Weiss, op. 
cit., footnote 9, table 6. p. 23. 

Weiss, op. cit., footnote 9, table 5, p. IL 
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physics was offered, took these courses.*' The net 
effect is that few high school graduates have these 
course experiences. In 1982, 24 percent of high 
school graduates had taken chemistry, 1 1 percent 
I)hysicj , 7 percent trigonometry, and 6 percent cal- 
culus.'^ If more schools offered more college 
preparatory courses, enrollments in science and engi- 
neering would be expected to rise; increasing enroll- 
ments in existing courses is equally desirable. 

Then there is the matter of course content. Some 
mathematics and science teachers cite the inadequa- 
cies of textbooks and concern about curricula in gen- 
eral.*^ In the 1960s, several efforts, many quite suc- 
cessful and federally funded, produced new 
classroom materials, especially in the sciences.*^ 
Less attention was paid to mathematics^ however. 

Now mathematics educators are pressing for bet- 
ter mathematics curricula and teaching. The math- 
ematics research community, too» has been vigor- 
ous in its effort to reform the system of elementary, 
secondary, and undergraduate teaching of mathe- 
matics in the United States. The Mathematical Sci- 
ences Education Board was established under the 
auspices of the National Research Council in Oc- 
tober 1985 to bring together mathematicians, math- 
ematics educators^ and representatives of school sys- 
tems and local communities. The Board seeks to 



'^Evaluation Technologies Inc., A Trend Study of High School 
Ofkrir^ tndEnrollmwn: 1972-73 Mnd 1981-82, NCES 84-224 (Waih- 
ington, DC: National Center tor Education Statistics, December 1964), 
table 2. 

'^National Center for Education Statistics, op. cit, footnote 1 K pp. 
16-21. 

'^Audrey B. Champagne and Leslie E. Homig, "Critical Questions 
and Tentative Answers for the School Science Curriculum,** The Sci- 
ence Curriculum: The Report of the 1966 NttionMl Forum for School 
Science, Audrey B. Champagne and Leslie E. Hornig (eds.) (Washing* 
ton, L)C: American Association for the Advancement of Science, 1967), 
pp. 6-7. 

'^A comprehensive analysis of 81 different evaluation studies is re- 
ported in James A. Shymanslcy et al., **A Reassessment of the Effects 
of 60s Science Curricub on Student Performance,** final repoit, mimeo, 
n.d. (a reworking of material originally published in 1983). This ttudy 
found that, compared to control groups, studenu taking new curric- 
ula scored slightly higher on achievement tests, had more positive atti- 
tudes towards science, and exhibited smaller differences between the 
sexes in each of these attributes. Students taught by teachers who had 
been through preparatory teacher institutes scored higher than their 
peers taking the new curricub without this benefit. Patricia E. Blosser, 
''What Research Says: Research Rebted to Instructional Materiab for 
Science,** School Science tnd Mat/iemarics, vol. 86, No. 6, October 
1986, pp. 513-517; Ted Bredderman, *'Efi(DCts of Activity-Based Elemen- 
tary Science on Student Outcomes: A Quantitative Analysts,** Review 
ofEd^icationMl Kesearc/i, vol. 53, No. 4, winter 1963, pp. 499-518. 
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SMIM imthtmatloa and tcitnot tMChM, MpMlaHy 
in phytict, M in short supply. Oftsn, ttichsfs qiMHfM 
in othsr scisnct or m«lhsfn«l)cs sub)scts «t asMd 
to tMch such coursts "out of flold.** Altomslivoly, 
schools may drop such coursss attogtthsr from 
thtir curricula 

increase public understanding of school mathematics 
issues, formulate national goals for future mathe- 
matics teaching and learning* and plan ways to help 
States and school districts improve their curricula 
and performance in mathematics. 

The Quality of Teaching 

Teachers are critically important. Good ones can 
excite interest and promote both compreheruton 
and perseverence; bad ones can stifle enthusiasm 
and mystify students. There are many very good 
teachers in American schools, but also many poor 
ones. The challenge is to attract good people to 
teaching, then provide the support to make them 
elective teachers who want to stay in the profession. 

Some school districts find it difficulr to recruit 
enough science and mathematics teachers. Most 
have difficulty finding high-quality teachers* espe- 
cially for subjects such as physics. Consequendy, 
many science and mathematics teachers must teach 
more than one subject, or what is known as **out 
of field" teaching. The underlying problem is the 
quality of teacher training. Most educators think 
the training that new science and mathematics 
teachers receive before beginning v teach should 
be improved.*^ For example, elementary school 



'^Irif R. Weiss, **Pre- and Insei /ice Training, Roles of Various Ac* 
tors, and Incentives to Qualicy ScierKe Teaching," OTA workshop 
summary, September 1987. 
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teachers take little or no coursework in science and 
mathematics, yet are often expected to teach these 
subjects. In contrast, secondary school teachers often 
take respectable numbers of courses in science or 
mathematics, but these courses give them inaccurate 
images of what scientists do. Most of their science 
courses do not give them this information. Teachers 
strive to impart to students as much "content" as 
possible, neglecting time<onsuming laboratory work 
and exercises in higher order thinking (which con- 
vey more of the reality of scientific work) in favor 
of lectures and tests of recall. There is very little con- 
sensus on what an improved college curriculum for 
future mathematics and science teachers should con- 
sist of, and little * esearch is being conducted on this 
issue. 

Mathematics and science teachers also need so- 
called inservice education to remedy gaps in thei* 
prior training and to update and broaden their 
knowledge. Table 2-2 lists current needs in inser- 
vice education. Although the amount of inservice 
education being offered by school districts is rising, 
it is still small. Anecdotal evidence suggests that, 
when such education is voluntary, only the most 
enthusiastic teachers (and presumably the best) par- 
ticipate, while those who need help the most are 
not reached. The Federal Government supports in- 
service education of teachers through the Depart- 
ment of Education and the National Science Foun- 
dation (NSF), but this funding has scattered 
impact.^^ 

Training is only ;jart of the picture. The whole 
environment in which teachers work constrains 
their enthusiasm. For example, systems of account- 
ability, including teacher competency tests and 
checks on learning from lesson to lesson established 
by many States and school districts in recent years, 
may do more harm than good. By prescribing highly 
detailed lists of "objectives,** course by course, school 
districts rob teachers of their professionalism by 
straitjacketing them into routines.*' Given the 



'^hc Federal Government spends about $1 10 million to $150 mil* 
lion per year (via Title 11 of the Education for Economic Security Act 
and the Teacher Preparation and Enhancement Program of the Na- 
tional Science Foundation's Science and Engineering Education Direi.- 
torate) on teacher training. For details of the Title 11 program, sec Ellen 
L. Marks, Title II of the Education for Economic Security Act. An 
Analysis of First-Year Operations (Washington, DC. Policy Studies 
Associates, October 1986). 

**Wciss, op. cit., footnote 17. 



Table 2-2.— Inservice Needs of Mathematics 
and Science Teachers 

• Remedies for Inadequacies of existing teacher training 
programs. 

• Updating of knowledge of developments In science and 
technology, and their uses. 

• Improved understanding of generally applicable pedagog- 
ical techniques and those that reinforce equitable teach- 
ing practices. 

• Updating of knowledge of teaching techniques that par- 
ticularly apply to mathematics and science teaching. 

• Updating of knowledge on effectiveness of and techniques 
for Implementing developments In educational technology, 
such as computers, video, and CD-ROM. 

• Opportunity to practice new teaching techniques and to 
share experiences with other teachers. 

SOURCE: Office of Technology Assessment, 1988. 
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Teacher training (for those already certified and In the 
classroom) Is conducted and funded by the States, 
school districts, foundations. Industry, the Federal 
Government, and often by the teachers themselves. 
Still, many teachers either cannot or will not participate 
In such programs. Many successful science and 
mathematics teacher training programs are conducted 
at science centers and museums. Special emphasis 
Is placed on hands-on experiments; this teacher Is 
learning how one of these experiments works at the 
Lawrence Hall of Science, California, a science center 
that trains about 12.000 teachers per year. 
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Ptioto cndU: K$th0t1n0 Umbffit N$tlon*! Sc/«nc« r««cft«rs Association 



The Presidential Awards for Excellence in Science and 
Mathematics Teaching, a program administered by the 
National Science Foundation and managed by the 
National Science Teachers Association, was established 
in 1983 to recognize outstanding public and private 
school teachers in all 50 States who can serve as 
models for their colleagues in science 
and matliematics teaching. 



poor quality of some curricula, such as those for 
mathematics, course specifications may be a neces- 
sary evil, however. 

In addition, the image of teaching in the United 
States could be better. This image is reinforced by 
modest salaries compared to those science and engi- 
neering graduates earn in industry and government. 
Salaries have risen by about 25 percent in real terms 
during the last 5 years, and States and taxpayers 
are beginning to demand evidence of the positive 
effects of such increases. Qualified mathematics and 
science teachers are urgently needed, especially as 
role models for the growing minority student popula- 
tion.^'' Once in th'^ classroom, excellent teachers 
must be retained. A number of ways of raising 
teachers* status and confidence could be tried. For 
example, teachers might be given UKfeased oppor- 
tunities for professional growth through short- or 
long-term sabbaticals and attendance at professional 
meetings, more time for claiiS planning and less for 
noneducational duties (such as lunchroom super- 
vision), and occasions to exchange ideas with other 



'^hirlc> M. McBay, h^rcastng rbc i^umbcr an J Quality of SliUur 
tty Sfcicntc and Siathcmatu^ Tc2i,hcr> {Kcv. York, KV . Carnegie Fu^ 
rum vti Edutaitun and chc Economy, Ta>k Force on Teaching as a 
Profession, January 1986). 



teachers via conferences and teacher centers (in their 
own schools and outside).*^ 

Tracking and Ability Grouping 

Nearly universal in American schools, the prac- 
tice of ability grouping— particularly in the form of 
curriculum "tracking"— is intended to make efficient 
use of teaching resources and allow students to move 
through curricula at rates appropriate to their abil- 
ities and interests. However, such grouping also has 
powerful disadvantages. Some suggest that students' 
assignment to tracks is often highly related to their 
race, ethnicity, and socioeconomic status, rather 
than to their ability per se." 

Grouping by ability in subjects such as reading 
and mathematics begins as early as third grade.^' It 
is continued to high school, where students are gen- 
erally distributed among academic (college prepara- 
tory), general, and vocational curriculum tracks; at 
this level, movement between tracks rarely occurs. 
But there is some evidence that the stranglehold of 
tracking is loosening: more students than ever are 
in the general track and not the academic track, 
while the pattern of courses that students take shows 
that they are increasingly mixing high-level mathe- 
matics courses with formerly vocational courses.^^ 

When too rigidly applied, tracking can reduce op- 
portunity by restricting access to advanced prepara- 
tory courses in mathematics and science. Despite 
the fact that students in the academic track are more 



•'For a collection of perspectives, sec Hducsdonal /V>//c)', Special Is* 
sue on The Crisis in Teaching, vol- 1, No. li Wi^7, pp. 3»157. In Oc- 
tober 1986, the 50,000«member National Science Teachers Association 
launched a teacher certification program. Early application requests 
suggest :hat there will be a huge response. The program is also aimed 
at influencing prescrvicc teacher training. The National Council for 
Accreditation of Teacher Education t$ using National Sw^ .vC Teachers 
Association standards m accrediting science teaching programs in col 
leges and universities. Sec John WaUh, 'Teacher Cenification Program 
Under Way," S<:/ence. vol. 235. Feb. 20, 1987, pp. 838-839. 

"Tullilove, op. cit., footnote 1, Jeannte Oakcs, "Tracking, Can 
Schools Take a Different Route?'* \*£/\ Toc/a> , Special Issue, January 
1988, pp. 41-47. 

''Robert E. Slavtn, "Ability Grouping and Student Achievement m 
Elementary Schools. A Best-Evidencc S/nchesis," U.S. Department of 
Education, Office of Educational Research and Improvement, Grant 
No. OERI.G-86^. June 1986. 

*^E\aluattou Technologies Inc., High 5t/ioo/ an J Beyond. An Anal 
y^ii of Couric^TaLng Patterns /n Sixondary S^>hooh as Related to Stu 
Jent C/ijfacfcmfic> (XX'ashmgton, DC. U.S. Department of Eduta 
lion. National Center for Education Statistics, March 1985). 
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likely to take these advanced courses than are their 
peers in the general and vocational tracks, 25 per- 
cent of college sophomores in 1984 who planned 
to major in natural science or engineering had been 
in these nonacademic tracks in high school.^^ 
While tracking can be useful in schools, it should 
not be used as an excuse for directing students away 
from courses they have the ability to master. Ad- 
vanced mathematics and sc.nce courses are within 
the reach of more young Americans than currently 
take them.^* 

Special School Environments 

The ultimate extension of tracking and the dem- 
onstration of its potential benefits are schools that 
specialize in science and mathematics. There are 
three types of such schools: 

• schools founded in the first part of the century 
when high schools were still a comparative rar- 
ity (such as the Bronx High School of Science 
in New York City); 

• statewide schools (such as the School of 
Mathematics and Science in Durham, North 
Carolina); and 

• magnet schools, which, although designed 
primarily to promote racial desegregation, can 
make important contributions to science edu- 
cation in cases of schools that take science and 
mathematics as their themes." 

These schools are often thought to be successful at 
winning converts to science and engineering carc^rrs, 
but there arc no data to support or refute this con- 
tention; although many alumni do go on to science 
careers, it is to be expected that the students who 
enter such schools are more interested in science and 



•*Lcc» op. cit.. footnote -^^ 

^*CaIculu$, in particular, has been hailed a> the springboard to ac- 
quiring the analytical tool!, needed for iu^.^.csi m a bust of fieldi. Lynn 
A. Stccn (ed.), Calculus for a Neu' Ccnxuryi A Pump, Not a Ftltcr 
(Wa$hington, DC: Mathematical Association of America. I9S8). Tlie 
number of calculus courses offered, in particular, is rising rapidly. But 
trigonometry and math analysis are the **p""^«ng courses" for the cal- 
culus "pump." 

^^lere are In excess of \fiOO magnet kIiooIs at the moment, and 
their number i< inctcasmg. Probably about 25 percent of them adopt 
a mathematics or science theme. The most recent survey dates from 
I9S3; Rolf Blank ct 2U Sunvy of Magnet SctiookAnaly^zing a Model 
for Quality htcgraxed Educatiof} (Washington, DC. James H. Lowry 
&. Associates, September 1933.) 




Photo crtClu iVimsm Mills, MontQomtry County Public Schools 



Magnet schools, science-Intensive schools, and other 
special school programs can give children the chance 
to work with sophisticated scientific equipment and 
topics. These programs can effectively stimulate Interest 
In science and mathematics. However, schools and 
parents need to ensure 'that all students, regardless 
of sex, race, ability, or track, are given the opportunity 
and encouragement to explore science. 



mathematics than most. These schools are gener- 
ally very popular with teachers and students, and 
are often oversubscribed. They are probably up to 
two or three times as expensive to operate as con- 
ventional schools. 

Issues similar to those raised by tracking are raised 
by special science schools. These issues include the 
possible draining of student and teaching talent from 
regular schools, and the diminution of curricular op- 
portuniticb at regular schools. Whether special 
science schools have harmful effects seems to depend 
most on the specific political and organizational 
aspects of their implementation in each community. 
Some programs have been very controversial and 
have not done well, while others have been great 
successes. Almost always, the added choice given 
to parents and children by the opportunity to en- 
roll in special science schools encour* ^es commu- 
nities to think about what they want from public 
education and to seek improvements from it.^^ 

Magnet schools that specialize in mathema 5 and 
science also show some promising results for 
minority students. But since such schools are com- 



*'lbtd., Edutaxiof} Week, "Call for Choice: Competition m the 
Educational Marketplace," vol. 6, N'o. 39, June 24, 1987. 
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monly designed to bring majority children into 
schools that are predominantly Black, sometimes 
minority children are more likely to be denied ac- 
cess to them, due to oversubscription, than are 
majority children. Apart from the desegregation ra^ 
tionale, elements of successful magnet schools could 
be replicated in schools of all kinds. Like all special 
school environments, magnets demonstrate the 



value ^ choice and diversity in American elemen- 
tary and secondary education. 

Student Career Plans 

Although schools, families, and friends help de- 
termine students* career plans, such plans are, for 
most students, fairly v olatile. As students are ex- 



Figure 2-1 . -> Student Flows into and Out of the Natural Sdence/Englneerlng Pipeline: 
The High School Sec^r Class of 1972 




OUT 




into graduate 
school 



NOTE. N3tura', science/engineering includes physical, mathematical, and life sciences, and engineering, but noi the social sciences The width of the arrows reflects 
the number of students entering and leaving natural science/engineering at each stage. Among the 1972 high school seniors that plan to and do attend collego, 
13 peicent are Interested In natural science/engineering majors. Of this same college-bound cohort, by the first year of college 7,4 percent are Interested In 
natural science/engineering, by college Junior year, 4.8 percent, at college graduation, A.Z percent, and only C B percent enter graduate school In natural sci- 
ence/engineering. 

SOURCE. Valerie E. Lee and Thomas L Hilton, "Student Interest and Persistence In Science. Changes in the Educational Pipeline in the Last Decade, ' preprint, Feb 10, 1987 
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posed to new ideas, teachers, and experiences, their 
thoughts turn to the future and particularly the con- 
nection between education and employment. Stu- 
dents planning to attend college take a variety of 
courSwS and are often well prepared for a number 
of different majors. According to most observers, 
the pool of students planning science or engineer- 
ing majors is well formed by entry to high school, 
and only erodes thereafter. This is misleading. New 
evidence suggests that students join this pool, even 
up to their sophomore year in college (see figure 2-1). 

At present, the number of college freshmen plan- 
ning careers in science and engineering is declining 
even though overall freshman enrollment is hold- 
ing steady. Although most universities are not yet 
complaining of "shortages," student interest in 
science and engineering is waning, and interest in 
the physical sciences, mathematics, and engineer- 
ing is falling faster than that in life and social 
sciences. There are also inuications that a smaller 
proportion of the students with "A" or "A-" high 
school grade point averages ("high-achievers") now 
go on to major in science or engineering than in 
the past; many choose careers in business or law 
instead.^^ 

To study how the science and engineering talent 
pool develops, OTA analyzed data from the U.S. 
Department of Education's "High Scho^^l and Be- 
yond" (HS&B) survey, which monitors two nation- 
ally representative samples, one drawn from those 
who in 1980 were high school sophomores. The sur- 
vey contacts the same students every 2 years to 
collect data about their careers and educational 
progress.^ 

■**Kcnncth C. Green, 'Freshman Intentiunj) and SLienee, Engineer 
ing Careers. A Longitudinal Analysis Based on the CIRT Freshman 
and Follow-Up Data," OTA contractor report, December 1987. Trends 
in students* career plans are discussed further in ch. 3. 

^^Of the two cohorts in the High School and Beyond survey, OTA 
chose the high school sophomores of 1980 for analysis of iftfluences 
(during il.- Iinal 2 years of high school) on students* orientation to 
science and engineering. The most recent followup data available to 
OTA were from 1984, at which stage many studenib m this sample 
were college sophomores. It is possible, therefore, that those interested 
in science and engineering did not ultimately complete baccalaureate 
programs. Data from the 1986 followup, which will allow analysis of 
the numbers of students in this cohort that actually persisted to col- 
lege graduation in science and engineering, were released after conclu' 
Sion of this analysis. See Lee, op. cit., footnote 4. Based on previous 
longitudinal analyses, it is likely that the majority of those who cx 
pressed interest in science in their college sophomore ^car did indeed 
go through with their plans. Still, attrition of students between col- 
lege sophomore and senior years is significant. 



These students demonstrated considerable fluidity 
in their intended college majors as they progressed 
through the educational system. More than half of 
those interested in science and engineering as high 
school sophomores subsequently shifted to other 
subjects by their senior year. Others who had not 
named such majors as high school sophomores or 
seniors, in fact, were pursuing these majors as col- 
lege sophomores. About 40 percent of those college 
sophomores planning science and engineering 
majors had indicated interest in nonscicnce majors 
when they were high school seniors.-'* 

While most college sophomores intending to pur- 
sue science and engineering have above-average high 
school achievement test scores, about 20 percent do 
not. Furthermore, about 25 percent of these sopho- 
mores were enrolled in the general and vocational 
(rather than the academic) curriculum tracks in high 
school (see figure 2-2). Those who switch preferences 
in favor of science and engineering have slighdy 
lower average achievement test scores and have 
taken fewer mathematics and science cc arses than 
those who persist in interest in science and engi- 
neering. They are also more likely to be females and 
members of ethnic or racial minorities. 

As many as 25 percent of all high school gradu- 
ates, but only 15 percent of college sophomores, are 
interested in majoring in natural science and engi- 
neering. Among these fields, in both the sophomore 
and senior years of high school, the life and health 
sciences (which includes medicine and health 
careers) are the most popular, followed by engineer- 
ing. A tiny number of students plan majors in the 
physical sciences and mathematics. 

Smaller proportions of Blacks and Hispanics than 
whites are interested in science and engineering 
majors. But in fields such as medicine and health, 
the proportion of Blacks and Hispanics who say they 
are interested in these majors is similar to that of 
whites. There are prominent gender differences; 
more women than men favor the life and health sci- 
ences, while men dominate the group interested in 
engineering, the physical sciences, and mathematics. 



"These and other findings reported b^low are based on Lee, op, cit., 
footnote 4. Some aspects of them arc confirmed in independent anal- 
ysis of the same data by Theodore C. VC'agenaar, Occupafiona//4spj 
rafiuns an J Intended Field of Study m College t NCES 84-217 (Wash- 
ington, DC. National Center for Education Sta'.isti^s, November I W). 
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Total student sample 
dstributed by track 
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ACAD 






29%^ \ 



Rgwe 2-2 . - Interest of Coltege-Bound Students in Natural Science/Engineering, 
by Curriculum Track- 1982 Kgh School Seniors 
Interest in NSE ... . ^jg^. 

24% of students 23%^^^^ 



Interest in NSB 
15% of students 




1980 

Kigh school 
sophomores 



1982 
High school 

seniors 



1984 
College 
sophomores 



Percent of students in that track (who have not ruled out attending cotiege> wrio are interested in natural suence/engmeenng majors. Natural science/engtneering 
does not include the social sciences. 

NOTE. Overall, interest m natural science/engineering majors declines w th time (24% of students in 1980, but oniy 15% in 1984 are interested in NSE). Students m 
the academic track are most likely to be interested m natural science/engmeermg majors and more tiKely to persist with thetr interest. At high scnuui sophomore 
year. 60 percent of uudents interested in natural scisnce/engineering majors were in the academic track, by sophomore year of college 74 percent were from 
the academic track. Student cohort of college bound high school students is drawn from the High School and Beyond Survey of 1980 Sophomores. 

SOURCE: Valerie E. Lee, OTA contractor report, 1987. 



Overall, fewer wcmen than men are interested in 
science and engineering majors. 

To examine further the underlying interest of 
Blacks and women in science and engineering, C 
analyzed their patterns of academic preparation (in- 
cluding course-taking) and socioeconomic status/^ 
When course-taking, achievement test scores, and 
socioeconomic status are statistically held con- 
stant. Blacks are actually more likely than whites 
to be interested in majoring in science and engi- 
neering, and females are less likely than males to 
be interested. High school students of lower socio- 
economic status are much less likely to plan science 
and engineering majors than are those of high socio- 



'^Scc, for example, Gail E. Thomas, Center for Social Organization 
of Schools, Johns Hopkins University, "Determinanti and Motivations 
Underlying the College Major Choice of Race and Sex Groups," March 
1983; K.R. White, "The Relationship Between Socio-economic Status 
and Academic Achicvcmcm," Psychological Bulletin, vol. 9i, 1982, 
pp. 46M81. 



economic status. Students of low socioeconomic sta- 
tus are less likely to be enrolled in the academic cur- 
riculum track. The effect of that track placement 
is to reduce the likelihood that they will take ad- 
vanced mathematics and science courses and main- 
tain theii interest in science and engineering careers. 

Female participation in science and engineering 
may also be limited by an important "gateway" to 
college entrance; the mathematics portions of the 
Scholastic Aptitude Test (SAT) and of the Ad- 
vanced College Testing (ACT) program. Several 
studies have shown that, even after controlling sta- 
tistically for prior achievement test scores, course- 
taking patterns, and high school grades— women 
tend ro get higher grades than men— women receive 
lower scores on these tests than men. Several ob- 
servers argue that this discrepancy is due to bias in 
the tests' design and administration. Those respon- 
sible for the SAT and ACT argue, however, that 
the tests are not biased, and that differences in scores 
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arc due to differences in student preparation and 
family background/' To the extent that bias mav 
exist and that colleges and universities make no al- 



low anLe\s for thus deficiency of the SAT and ACT, 
\\v)men ma> be deterred from vS*.ience and engineer- 
ing careers (see box 2-B). 



"In the abjicncc of a national high school currkuhim, standardircJ 
test scores have hi>tv>ncallv been a ke> mca>urc tliat a>M5ts> *.olIcgc .iJ- 
missions offices in their deciMoninaking. How tv»ilegc admi>ssujns ^ittu tr.> 
«eigh lor do not use at all) these stores rclaiuc ti> other tadors »s the 
overriding issue in the standardized testing tontri»vcrs> . A.M. Pallas 
and K.A. Alexander, "Se.\ Differente.> m Quant itatuc SAT Perform- 
ance: New Evidcnv e on the Differential Cour>e\\ ork H pt>thcsiN," /\mcT- 



K.i/i LJkiK^l(u^^u^l R^^^.iuh Journtdt \..»L 20, N\>. 2. I ^ ^'p. 1(^5 IS2, 
Thi»m.K> r. D*>»iilou vcdJ, 77ic O^i'/c^'t KurJ Ttw/uiiv.i/HaiiJK'oJl tot 
r/jt 5i/h'/«is>rk AprmiKk T^>r anJ A^hit.\aiKiu 7t>f> \N«,\^ Yv>rk. Cul 
lem Cntraiicc C\anuuatu>i) BvMrd, I^^S-}), ..h>. 7 and S» and Phvllis 
Rover, "Girls, lk>^v>, and tht SAT. Can \Vt E^tu the Si^otC" SEA 
ToJa\, Special Edition, Januar\ T^SS, pp. 48^^. 



Box 2'B.— The Scholastic Aptitude '^est and the American College Testing Program 

Most college applicants take either one or both of the^e testi> m their st nior or junior year of high school 
in order to satisfy the admisMon^ procedures of most selective colleges. In 195i', juot over one million studentb 
took the Scholastic Aptitude Test (SAT) and three-quarters of a million the American Collegr Testing Program 
(ACT), respectively about 40 and 30 percent of the high school graduating class. The ACT is traditionall> 
taken in the Western, Midwestern, and Southern States, whereas the SAT is traditionall> taken in the Eastern 
States and on the west coast.* 

The Scholastic Aptitude Test.— The SAT is administered by the College Board, a nonprofit membership 
organization funded by more than 2,500 colleges, schools, school systems, and education associaticns. The tei»t 
Itself IS developed, conducted, and scored b> the Educational Testing Service, Inc., of Princeton, New Jerse>, 
which is an independent, nonprofit organization dedicated to testing. 

The SAT IS designed to predict how well students will do academically during their college freshman year 
by measuring those developed verbal and mathematical reasoning abilities that the College Board believes are 
most closely related to successful college performance. The College Board does recommend, however, that other 
inforraation, such as students' course transcnpts, interests, and extracurricular activUiCi should also be taken 
into account.** Nevertheless, the material that the SAT covers will not necessarily have been taught in all 
schools, and some of it relates to those reasoning, deductive, logical, and verbal abilities that students only 
acquire indirectly. 

The results of the SAT are two scores, one for verbai reasoning ability and the other for mathematical 
reasoning ability. Performance on both parts of the test together is reported on a standardized scale from 20C 
to 800 points, and the College Board sa>s that the error of measurement in any student's score is appro.ximately 
30 to 40 points. 

The most controversial aspect of the SAT is the extent to which it appears to discriminate against females 
and minorities. In suc^-essive years of testing, both males and females score about equally on the verbal portion 
of the test, but on the mathematics portion males score 5C points higher than females. Blacks, on average, score 
50 to 80 points lower than the entre population on each half of the test. Hispanics, on average, also score 
poorly, but higher than Blacks. Black and Hispanic scores have increased considerably during the last decade, 
by about 20 and 10 points, respectively, whereas the average score earned by the entire test-taking population 
each year has increased by only about 3 points. The 1987 scores, by race/ethnic group, are shown below. 

Changes in SAT test scores have sometimes been quoted as indicators of the health and productivity of 
the American education system. They have only limited usefulness for this purpose, however, because the tests 
are designed only to predict students first-year performance in college, and because the characteristics of the 
Students who take the test differ from year to year and State to State. 

The American College Testing Program.— The American College Testing Program is an independent, non 
profit organization that adminisfprs the ACT Assessment Program, a comprehensive service designed to aid 
both college applicants and admissions offices. The American College Testing Program is governed by the ACT 
Corp., composed of elected representatives from Oie States that make the most use of the test and from the 
ACT Board of Trustees. 
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The heart oi the ACT As.sessmcnt rn>j;ram i,-. a scries of tc.stN. English u.sagc, mathem<itiLS uj>age, social 
'^tuuies reading, and natural sciences reading. The te^t^ arc deigned to predict college performance. The results 
of the program are considerably more complicated than 



those of the SAT. Thev include the student's scores 
on these tests, comparisons of these scores with those 
received bv previous freshmen at each institution that 
the student applies to, comparisons with the scores re- 
ceived hv freshmen at comparable institutions nation- 
allv, predictions of future performance, records of the 
student o high school courses and p'**ades, indication> 
of career interests, and indications of special remedial 
work that the student might benefit from. Scores on 
the 4 tests are normalized to a common scale ranging 
from 1 to >6 points, with a standard error of measure- 
ment of 1 to 2 points and a mean for all college-bound 
students of 18 points. 

Females score lower on the ACT As^sessmcnt than 
do males. Overall, their scores are about 1.5 points 
lower, and, in the case of ihe mathematics test, females 
score about 2.5 points lower. Nevertheless, the mean 
high school grades of female ACT Assessment takers 
is greater than that of males. 



SAT Scores By Race/Ethnicity , 1987 

VERBAL MATH COMPOSITE 

800- (maximun) 800 ~ (maximum) 1600- (maximum) 
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1200 



r^-sWWe 447 
I ^ Asian 405 
I ^Hi8parec378 
Black 351 
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200^ 



200^ 



^ Asian 521 
WWte 489 

^ Hispanic 422 
^ Bteck 377 



400 



White 936 
Asian 926 

^hfepanic 8C0 
Black 728 



SOURCE The College Board. 1987 Profoe ot SAT and Achievemeni Test Takers 
1987, p V, data from Educational Testing Service 
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INFORMAL EDUCATION AND INTERVENTION PROGRAMS 



Although impossible to quantify, influences of 
families, friends, the media, and other aspects of the 
society on students arc probably as great as those 
of the schools. The out-of-school environment offers 
opportunities to enhance students' appreciation of 
science and mathematics or to give them "second 
chances" in these areas, regardless of test-determined 
abilities. Programs outside of school can be both 
alternatives and complements to school aLtivities. 
In some cases, successful informal education and in- 
tervention programs can impel communities to call 
for changes in curricula, course offerings, or the use 
of technology in the schools. 

Some students arc intimidated by science. Non- 
school and community-based programs, includmg 
science centers and museums, can awaken interest 
for these students, without raising the spectre of fail- 



ure.'^ (As Frank Oppenheimer, founder of San 
Fran^isLo's famed Exploratorium, noted, "Nobody 
flunks a museum.") The number of science centers 
and museums is steadily increasing. A recent sur- 
vey identified 150 in :he United States, with 45 mil- 
lion visitors in 1986, up from 33 million in 1979. 
Half of these visitors were under 18 years of age. 
Science centers are also active m mathematics and 
SLienLC teacher training. In 1986, more than 65,000 
teaJiers participated in such programs. 

^^A^sociation nf Science Technology Cc^'cr^, Natural Partners. 
How Science Centers and Community Groups Can Team up to In' 
<ri'a<e Sucm^e Literaty (Woshington, DC. July 1987); George W. Trcssel, 
"The Role of Museum*; in Science Education " Science Education, vol. 
64, Nil. 2. I9S0, pp. ?S7'260. 

TKcsc estimates au from the Ass .^lation of Seienee-Teehnology 
Centers, Basic Science Center Data Survey !9S8, unpublished data, 
February 1988, It is important to note that the majority of funding 
fi»r science centers tiimt-s from local .sources and admisMOns charge.s. 
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P/iofo cretfif: Nancy Rodger, Exploratorium, San Francisco 

Science centers can provide an informal, welcoming environment for families, children, adults, and teachers to l^arn 
about science in a way different from that in the classroom. The Explcratorium has more than 400 exhibits that people 
of all ages can see, touch, hear, and manipulate directly. Many exhibits are attended by "Explainers," local junior high 
and high school students trained to answer questions and provoke curiosity about the scientific principles illustrated 

by the exhibit. 



Science centers and other nonschool programs 
can open new avenues of career opportunity; for 
others, they enrich interests already formed. The 
Children's Television Workshop's 3-2'! Contact ser- 
ies is designed to interest students from 8 to 12 \ ears 
old in science. Broadcast on many public television 
stations, it is generally regarded favorably, rilthough 
data on its effects are sparse. The series is watched 
at least occasionally by about one-quarter of all 
households with rb^'ldren under 11 years old.^^ 

A particular niche for informal science education 
programs is in promoting the science and mathe- 
matics interests of female and minority children. 
These "intervention programs" began in the i960s 



Excluding rhrcc centers operated direttly by the Federal Guvernmrnt, 
an average of 2 percent of science center funding comes from Federal 
sources. 

^Research Communications, Ltd., "An Exploratory Study of 3'2'I 
Contact Viewership," National Science Foundation Loniractor report, 
June 1987. 



and became popular in the 1970s when they at- 
tracted Federal funds. Such programs vary widely 
in longevity, sources of support, goals, and quality. 
They are often based in universities, museums, and 
research centers, as well as churches, community 
organizations, and businesses. Today, most are lo- 
cal initiatives funded by foundations, industry, and 
States. Many achieve a good deal of success from 
limited resoui^es (see box 2-0). 

A study by the American Association for the Ad- 
vancement of Science notes that early, sustained ap- 
plications of excellent instruction can bring minor- 
ity achievement to the same level as that of white 
males. ^ Indeed, some suggest that the techniques 
applied by intei:vention programs, such as hands- 
on experiments and other activities conJucted in 



' Shirley M. Malcom et al., Equity and Excvllcncc: Compatibh 
Coiih, Publication 84-14 (\Xashington, DC: American Association for 
the Advancement of Science, December i984). 
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Box 2-C.— Characteristics of 
Intervention Programs That Work 

Over the past 10 to 20 years, special programs 
have been used to encourage children's interest and 
proficiency in academics and especially in science 
and engineering. Programs have worked in school 
and out of school, with students of all ages, cul- 
tures, and races; with youngsters of exceptional 
mathematics and academic achievement and with 
high school dropouts; in fields from agriculture to 
engineering. Some programs use professional ex- 
perts and the latest in testing and computer tech- 
nologies; others work on shoestring budgets with 
egg cartons and volunteers. From these experi- 
ences, both successes and failures, have emerged 
lessons about what makes an intervention program 
work. The characteristics of successful intervention 
programs are listed below: 

• clearly defined educational goals, 

• high expectations among teachers and leaders, 

• committed leadership, 

• role models to motivate students, 

• peer support with critical mass of students, 

• student commitment and investment (in- 
creased study time), 

• hands-on laboratory experience, 

• assessment and feedback to students, 

• specific goals for minorities or women, 

• recruitment, 

• financial aid (fellowships and traineeships aug- 
mented by research assistantships), 

• multi-year involvement with students, and 

• program evaluation based on student 
achievement. 

SOURCES. Office of Technology Assessment, 1988, Cover nment- 
Universiiy-Indusiry Research Roundiable, WurfunngSci- 
cncc and Engineering Takn( (Washington, DC. National 
Academy of Sciences. July 1987), pp. 36-38. 



small groups (see box 2-D), could usefully be dissem- 
inated to the entire school-age popu)^»tion. 

Most programs also require extraordinary staff 
commitment and support, which are not easy to 
replicate from location to location. However, the 
Mathematics, Engineering, and Science Achieve- 
ment (MESA) program, founded in the San Fran- 
cisco Bay area in 1970, expanded throughout Cali- 
fornia and has been successfully transferred to other 



States (see box 2-E). Today MESA offers a model 
adaptable to students in junior high school through 
college. 

Intervention programs do, however, pose a 
dilemma to schools and school districts. Ideally, 
schooling would adapt to and cultivate each stu- 
dent*s unique aptitudes and interests, and be equally 
excellent nati "»wide. That long-term goal will not 
soon be reached. In the meantime, some commen- 
tators suggest that intervention programs out^^ide 
schools are vital because the schools themselves are 
so impervious to reforms designed to improve the 
progress of students disaffected from science. Others 
feel that intervention programs can work well in 
schools. Some school districts, therefore, have wel- 
comed intervention programs, while others have 
regarded them with some suspicion. 

It is not clear why females and members of some 
racial and ethnic minority groups, on average, be- 
gin to hll behind in mathematics and science prep- 
aration as early as elementary school, and are less 
likely than white males to persist in science and engi- 
neering. But intervention programs can help reduce 
these differences by instilling confidence and increas- 
ing motivation— attitudes not easily measured. In- 
tervention programs effectively encourage women 




Photo credit: William Mills, Montgomery County Public Schools 



Parents can help their children to prepare for school 
work In mathematics and science from an early age. 
But many parents lack the confidence in these subjects 
to encourage their chll dren. Programs such as "Family 
Math," devised at Wte Lawrence Hall of Science, 
California, are designed for both parents and children 
to use together. The program has expanded to many 
cities around the Nation. 
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Box 2-D.— Center for the Advancement of Academically Talented Youth, The Johns Hopkins University 

The Center for the Advancement of Academically Talented Youth (CTY) has gained an international repu- 
tation for identifying and furthering the education of mathematically and verbally talented students at the jun- 
ior and senior high school levels. Dr. Julian Stanley founded the Study of Mathematically Precocious Ycuth 
in 1971 to identify mathematically talented adolescents. CTY*s Regional, National, and International Talent 
Searches have identified more than 70,000 highly able students since its inception in 1979. Most of the CTY 
programs, which are designed for 12- to 16-year-olds, are held during the summer months, although Expository 
Writing and Science/Mathematics Tutorials-By-Mail are available to participants during the academic year. 

CTY relies on standardized tests, particularly the Scholastic Aptitude Test, to identify youngsters for its 
programs. For many high-talent students, CTY claims, the program is the first opportunity to match their learning 
with their ability. While participation in CTY programs ca^. result in tarly college admission for some, the prin- 
cipal aim is to enrich the preparation of students. CTY classes are demanding and span the humanities, mathe- 
matics, computer science, and the natural sciences. To provide students with individualized instruction that 
caters to their differing ability levels, the program matches participants with instructors in one-to-one exchanges 
at various points during the course. CTY also helps students negotiate with their home schools fo: appropriate 
course placement and credit for C. Y work. Letter grades courses are not given unless specifically requested 
by the l udent's school. Nevertheless, upon completion of the program, CTY does provide each student with 
a detailed description of his or her performance, and all students take the College Board Achievement Test 
in the appropriate subject area. In addition, CTY does offer some college scholarships for outstanding students. 

CTY conducts extensive followups on its participants. In 1986, three groups of former participants were 
asked to describe their current educational and career development. More than 90 percent were then attending 
college. Many responded in essay form about their CTY experience; one student wrote in her evaluation of 
classes: "There is a feeling that I can't find anywhere else in the world .... I will miss CTY. It is here that 
I am most alive." Students feel comfortable and exercise their fiill potential in an informal environment which, 
given the ages of students, can be as important to their development as is academic preparation. The same 
student noted, "At CTY, I belonged. I felt better about myself than I had since I entered junior high school." 



Box 2-E.— The Mathematics, Engineering, Science Achievement Program 

The Mathematics, Engineering, Science Achievement (MESA) Program, begun in 1970 and based at the 
Lawrence Hall of Science in Berkeley, California, aims to increase the number of Black, Hispanic, and Native 
Am'^rican students in California that complete 4-year university degrees in mathematics, science, or engineer- 
ing. The program operates under the auspices of the University of California at Berkeley. 

Working with junior high and high school students as well as undergraduates, the MESA Program has proven 
effective at recruiting and retaining minority students in these fields. MESA is widely acclaimed, and has been 
replicated in other States, including Colorado, New Mexico, Washington, Oregon, Kansas, and Utah. Activi- 
ties offert-^ by the program include internships, field trips, incentive awards, counseling, college fireshman orien- 
tation and guidance, financial aid and scholarships, and the formation of student study groups to foster cooper- 
ative learning. The program reached 7,800 students in 1985-86, and operated in one-quarter of all California 
high schools with a predominantly minority enrollmeiit. Most of the high school graduates who have partici- 
pated in MESA programs have gone on to mathematics-based majors. 

The MESA Program offers a Minority Engineering Program (MEP) and a Pre-College Program. The former 
operates through about 15 centers, most on campuses of the California State University and the University 
of California, and in 1985-86,* served about 2,500 students. The latter operates in 17 centeis, also mainly on 
college campuses, and served over 5,000 students drawn from 60 school districts. A particular emphasis of the 
Pre-Collegc Program is encouraging students to take the optional preparatory series of classes in mathematics 
and science in junior high and high schools, which are very difficult to make up once a student has missed them. 
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Most of the MESA Program*s funds ($2.34 million) have come from the State of California, and other sources 
have been over 40 corporations and foundations, including a $610,000 S-year grant from the Carnegie Corp. 
MESA also operates programs for junior high and high school teachers (more than 200 attended workshops 
on hands-on teaching methods in mathematics and science in 1985-86), and has close links with other interven- 
tion programs, s'jch as the University of California at Berkeley*s Professional Development Program, EQUALS, 
and the South East Consortium for Minorities in Engineering. 

The effectiveness of MESA *s MEP is indicated by the retention rates of its participants. For example, 60 
percent of MEP freshmen, after 3 years, remain in college, compared with 47 percent of all students. In engineer- 
ing, Black and Hispanic MEP students have retention rates of 64 percent and 57 percent, respectively, after 
2 years (compared with 13 percent and 21 percent for Black and Hispanic nonparticipants).^ 

"All data reported below are for 1985-86. 

^Thesc data arc for University of California students only, though statistics from the California State University system arc ssmilar. "Retention rate" is 
percent enrolled at tHe university after 2 or 3 years of study. California Postsctondary Education Commission, i?erennon of Students m Engineerings A Report 
to the Legislature in Response to Senate Concurrent Resolution 16, 1985 (Sacramento, CA: December 1986). 



and minorities to consider science and engineer^ 
ing careers^ The techniques used by these pro- 
grams would also be effective with the general 
population of students* Institutionalizing interven- 
tion techniques in the schools, without robbing 
them of their appeal, would seem promising. Such 
institutionalization would depend on training teachers 
to use intervention techniques in classrooms. 

In the decentralized American education system, 
even the most successful programs are extremely dif- 



ficult to replicate. The inherent conservatism of lo- 
cal school authorities is one impediment. Another 
is the difficulty of generating the community and 
family support necessary to recruit students and 
maintain programs* momentum. The fundamental 
problem is that speci.il intervention programs should 
not be neccbsary. Tiiat they are, some argue, is an 
indictment or Americans education system, which 
has fallen short of fulfilling the democratic ideals 
of equal opportunity and of schools as centers of 
learning. 



OPPORTUNITIES FOR FEDERAL INFLUENCE ON 
THE TALENT POOL 



The Federal Government has only a modest in- 
fluence on elementary and secondary mathemati^-S 
and science education. If public education is the col- 
lective responsibility of the States and the school 
districts (which together bear most of its cost), then 
school districts and States must both examine what 
they can do to irr*prove science and mathematics 
experiences for all of their students and address the 
specific problems that inhibit the development of 
scientific and engineering talent. 

The Federal Government in the past has made 
attempts, with some success, to improve mathe- 
matics and science education in the schools. The 
lead agency for Federal intervention in school math- 
ematics and science education has been the National 
Science Foundation. Although NSF has been in- 



terested principally in students who are most likely 
to become scientists and engineers, there are now 
renewed calls for NSF to take a more comprehen- 
sive approach and "broaden the base" of students 
learning science.'^ In fiscal year 1988, NSF*s total 
precollege effort is funded at about $90 million, all 
of it through the Science and Engineering Educa- 
tion Directorate. 

Following the so-called Sputnik Crisis, Congress 
passed the National Defense Education Act of 1958, 

^Michael S. Knapp et aL, Opportunities for Strategic Investment 
m K'l2 Science Education: Options for the National Science Founda' 
tion (Menlo Park, CA: SRI InternatK .al, June 1987). Congress or- 
dered the National Science Foundation to commission this study of 
the areas in which the National Science Foundation, given its strcnj^hs 
and weaknesses, could best intervene in school mathematics and sci' 
ence education. 
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which provided extensive funding to school districts 
for science equipment, supplies, and teacher train- 
ing. In the early 1960s, Congress also increased fund- 
ing of NSF's science education activities until, at its 
peak, about half of NSF's budget went to education 
and the bulk of that to its popular program of 
teacher training institutes. Data suggest that, in 
those years, about half of all high school mathe- 
matics and science teachers attended at least one 
such institute. A small program of similar activities 
is still flinded by NSF.^^ 

NSF's teacher institutes were designed to bring 
teachers up-to-date with advances in science and 
were very popular. Many teachers, supervisors, and 
leaders of the science education community fondly 
remember these programs as bringing an espirit de 
corps to the teaching profession, and updating 
teachers' scientific knowledge, particularly in exper- 
imental work. However, since attendance at the in- 
stitutes was voluntary, many teachers (often the least 
interested and least well qualified) shunned them. 
The effectiveness of the institutes has been debated, 
both because of the difficulty of defining and re- 
searching the effectiveness of any teacher improve- 
ment program and because the institutes were not 
systematically evaluated at the time.^ Any future 
replication of the institutes program would be costly, 
and it might require $500 million to $1 billion, 
spread over several years, to put all existing second- 
ary mathematics and science teachers through at 
least one instilut? prof(rj?m. But a second genera- 



^^hc Natioi.s ! Science Foundation remains cautious and makes no 
claims either for the institutes' effectiveness or ineffectiveness. But many 
science educators think tha th ' ii«stitutes wer ^ remGrkably successful. 
A study by the Congressional Research Service in 1^75 found that the 
institutes were of great value. U.S. Conrress, Congressional Research 
Service, The National Science Founda'^'^n and Pre-Collcge Sci nee Edu- 
cation: 1950-1975 (Washington, DC .S. House of Representatives, 
Committee on Science and Technology, Subcommittee on Science, 
Research, and Technology, January 1976), Comm:ttee print. Hilhei 
Kricghbaum and Hugh Rawsom, An Investment in Knowledge (New 
York, NY: New York University Press, 1969) suggest that the insti- 
tutes were effective. Victor L. Willson and Antoine M. Garibaldi, 'The 
Association Between Teacher Participation in NSF Institutes and StU' 
dent A:hievement,"yourna/ o/Z^esearc/} /n5c/ence Teachings vol. 13, 
No. 5, i976, pp. 43 1 '439, found some modest positive effects. Also see 
Knapp et a!., op. cit., footnote 38, vol. 1, p. 130. 

^he General Accounting Office reviewed research on the National 
Science Found ation'funded institutes and found little or no evidence 
that such institutes had improved student achievement scores. U.S. 
General Accounting Office, New Directions tor Federal Programs To 
Aid Mathematics and Science Teaching, GAO/P£MD'84-5 (Washing- 
ton, DC: Mar. 6, 1984). 



tion of institutes would likely remedy past mistakes 
and benefit from successful teacher improvement 
activities that have been funded by school districts 
and foundations (for example, see box Z-F).*** 

Renewed concern about the state of mathematics 
and science education in the schools led Congress 
to pass the Education for Economic Security Act 
of 1984, which has provided $40 million to $140 mil- 
lion annually, mainly for teacher training and educa- 
tional activities.^^ The Federal Government, via 



^'The National Science Foundation has also funded curriculum de- 
velopment efforts and informal education activities, such as educational 
television and science centers, with some success. 

^^Marks, op. cit., footnote 18. 



Box 2'F.— Urban Mathematics CoUaboratives 

This innovative program is designed to support 
and reinvigorate mathematics teachers in 1 1 inner- 
city centers. Each ms ,natics collaborative brings 
together a community-wide advisory board of 
teachers and business, civic, and university leaders, 
v/ith a part-time administrative staff. CoUaboratives 
currently exist in Cleveland, Los Angeles, Min- 
neapolis/St. Paul, Philadelphia, San Francisco, 
Durham, Memphis, New Orleans, Pittsburgh, San 
Diego, and St. Louis. The program was started with 
a Ford Foundation grant in 1984. To date, the 
foundation has committed over $2 million. Each 
collaborative receives Ford Foundation support for 
3 to 5 years in the expectation that each will be- 
come a self-sustaining program funded by commu- 
nity businesses, industries, colleges, universities, 
and other civic and cultural organizations. 

Specific collaborative activities for mathematics 
teach :rs include industrial internships, exchange 
programs with colleges and industries, evening sym- 
posia, newsletters, and summer workshops. By 
fostering collegiality among ^ .ematics teachers 
and increasing the human anu financial resources 
available to teachers, the projects seek to reduce 
teachers' isolation and to boost their professional 
enthusiasm. To further the professional goals of the 
CoUaboratives, the Foundation has established a 
Technical Assistance Project that serves as an in- 
formation clearinghouse on mathematics education 
and facilitates network communication The Foun- 
dation also funds evaluation of the project through 
the Wisconsin Center for Educational Research. 
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both NSF and the Department of Education, has 
also funded research on mathems. ics and science 
education, as well as data collectiou These activi- 
ties have been very valuable in giving the Nation 
a picture of what is happening today and how things 
might be improved. 

Future Federal efforts to support science and engi- 
neering education can leverage Federal funds if they 
stress partnerships with programs funded by States, 
school districts, private industry, and business. An 
advantage of this approach, other than reducing 
Federal outlays, is that the burden of evaluating pro- 
gram outcomes is shared by all participants. When 
this cannot be worked out, however. Federal funds 
may be the only mechanism for improving the qual- 
ity of mathematics and science education. 

In summary, ways to ensure adequate production 
of scientists and engineers fall into two distinct 
groups. One is to enlarge the talent pool, the other 
IS to retain those already in it. Both cast schools 




Drawings by elementary school children in response to 



as the agent for recognizing and nurturing talent. 
To assist in these tasks, the system of schooling must 
become more sensitive to learning styles and vary- 
ing rates and patterns of children's intellectual de- 
velopment,**^ and more open to community-based 
programs and institutions. As a Nation, we can ex- 
plore ways by which science and engineering could 
more freely welcome those who come to the profes- 
sions by nontraditional paths. 



**Thcrc is pressure for redirecting American education to focus more 
clearly on developing "higher order thinking skills." Sec Lauren B. Res- 
nick, Education and Learning ro Think (Washington, DC: National 
Academy Press, 1987). In science, the focus is on investigative and in 
terpretivc skills as well as on factual recall. See Robert E. Yager, "As- 
sess All Five Domains of Science," The Science Teacher ^ vol. 54, No. 
7, October 1987, pp. 33*37. There are also suggestions that teaching 
should be better tailored to suit the way women and minorities learn. 
Christine I. Bennett, Comprehensive Multicultural Education: The' 
ory and Practice (Boston, MA. Allyn 6t Bacon, 1986), ch. 4 and 5, 
Mark A. Uhlig, "Learning Styles of Minorities to Be Studied," New' 
York Times, Nov. 21, 1987, p. A29; Eleanor Wilson Orr, Twice As 
Less: Black English and the Performance of Black Students m Mathe' 
matics and Science (New York, NY. W.W. Norton &. Co., 1987). 




the question "What does a scientist look LKe?" (1988). 
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Photo credit Auburn UniverSf'/ and The Chtonicte of Higher Education 
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Chapter 3 

Higher Education for 
Science a nd Engineering 

DIVERSITY OF INSTITUTIONS, STUDENTS, AND DEGREES 



The 3,300 universities, colleges, and engineering 
institutes in the United States enroll a larger propor- 
tion of young adults than in any other nation. About 
12 million students are enrolled in institutions of 
higher education; over 2 million of these are first- 
time freshmen.^ Half of these students will eventu- 
ally receive bachelor's degrees. For the last three dec- 
ades, 30 percent of bachelor's degree recipients (that 
is, about 9 peice.it of each high school graduating 
class) received their degree^ in science or engineer- 
ing, including social science . In recent years, about 
one-tenth of these bachelor's-level scientists and 
engineers have gone on to earn science or engineer- 
ing doctorates.^ 

These broad patterns disguise a ^reat deal of var- 
iation. Large research universities, small liberal arts 
colleges, historically Black institutions, 2-year insti- 
tutions, technical institutes, and other public and 
private institutions of all kinds make American 
higher education e.\traordinarily diverse in size, pur- 
pose, and structure. Each type of institution pro- 
vides a unique environment for developing talent 
and encouraging persistence in pursuit of a degree. 
While this chapter concerns characteristics of educa- 
tional environments and their students, its empha- 
sis is on institutions as producers of scientists and 
engineers at all degree levels. Of course, institutions 
of higher education have many other functions be- 
sides producing scientists and engineers, from voca- 



Othcr notable statistics on the total enrolled population arc that 
60 percent are full-time jtudents and two-thirds attend untvcrsitics and 
4*ycar institutions. Among firsc umt freshmen (who represent roughly 
80 percent of higli school graduates), the ratio of full* to part-time stu- 
dents is two to one, but equal numbers arc enrolled in 2- and •J.year 
institutions. Sec U.S. Department of Education, Office of Educational 
Research and Improvement, Center for Education Statistics, Digest of 
Education Statistics 198? (Washington, DC: May 1987), tables 104- 
1 10, 154. The focus of this chapter is on full-time students enrclled 
in America's 1,500 4»year colleges and uni^'crsities. 

^Natural sciences and enr'nccring hachelor*s degrees account for an 
average of 20 percent of the baccalaureates awarded during this period. 
National Science Foundation, Science and Engit\ccring Dcgreits, 1950- 
80: A Source Book, NSF 82-307 (Washington, DC: 1982) 



tional traming to the cultivation of western civih- 
zation's artistic and cultural traditions. 

Although 30 percent of baccalaureates arc awarded 
in science and engineering, the relative popularity 
of different fields ' as shifted sub.^antiaily with 
events in the job market of the last three decades. 
Increasing collepe enrolln ^nts, which was the trend 
until 1982, ir nore science dt i engineering bac- 
calaureate r ;^nt.s; in contrast, the proportion 
continuing on to Ph.D. study reflect? market de- 
mand, the yvailability of Federal research and de- 
velopment (R&D) funds, and direct student support 
(see figure 3-1).' There is also substantial variation 
in science and engineering by sex, race, and eth- 
nicity of degree recijDients. White males are far more 
likely to earn degrees in science and engineenng than 
women. Blacks, or Hispanics (see figure 3-2). The^o 
differences-which /ary from field to field— have 
narrowed in the pa.sr 15 years, but are still gener- 
ally large. 

Most fields of grad»»nte study in the sciences, as 
distinguished fi^om engineering, oriented toward 
the academic as well as the industrial job market; 
somewhat less than half of Ph.D. scientists work in 
academic institutions. The Ph.D. is th<. basic profes- 
sional degree in most fields of science, and most sci- 
ence students seek research or teaching positions. 
Despite growing undergraduate enrollments from 
the late 1960s co the early 1980s, a stagnant aca- 
demic job market and slower growth in Federal re- 
search funds have left many young Ph. D.s "under- 
utilized."* Many institutions, beset by a fatuity 

'Betty Vcttcr and Henry HcrtifclJ. "Fcdcr.il Support for Science 
and Engineering Education. Effect on Output of Scientists and Engi- 
nem I9-J5.1985;* OTA contractor report, 1987. These relationships 
are elaborated below. 

*T!ic National Science Foundation adds tfje rates of ur»cinp!oycd 
and "underemployed**-those who are involuntarily in nonscienc*- or 
engineering jobs or \^'orking part-time but seeking full«timc 
employment— to lefinc an "underutilized" segment of the science and 
engineering work force. In 1986, 6.5 percent of scientists and 2.3 per^ 
cent of engineers, at all degree levels, were underutilized. National 
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Figure 3-1.— Science/Engineering Degrees, 
by Level, 1950-86 



Photo credit: University of Chicago and The Chronicle of Higher Education 
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SOURCE. U.S. Department of Education, Center for Education Statistics (B S. and 
M.S.), National Research Council, Survey of Doctorate Recipients 
(Ph.D.). 

tenured largely during 1960s-era expansion, curtailed 
their hiring in the 1970s. Full-time graduate enroll- 
ments in science and engineering have grown since 
the early 1970s. If not for the influx of foreign grad- 
uate students, however, these enrollment increases 
would have been less. Retirements and turnover of 
faculty in the mid- 1990s, combined with a resur- 
gence in undergraduate enrollments later in the dec- 
ade, may eventually relieve these pressures.^ Until 
then, the attractiveness of an academic career will 
pale for many students. 

In engineering and some fields of science (notably 
earth sciences and computer science), the bachelor s 
or, increasingly, the master's degree is the most im- 
portant professional degree. The employment mar- 
kets for these fields are dominated by industry; for 
example, 80 percent of engineers work for private 
companies.^ Unlike the Ph.D. -oriented fields, these 
fields respond to industrial, rather than academic, 



Photo credit: University of Massachusetts, Boston, and 
The Chronicle of Higher Education 

American higher education institutions are extremely 
varied, ranging from internationally renowned research 
universities to small liberal arts colleges emphasizing 
undergraduate teaching. Some smaller institutions 
focus on local students, certain types of students (e.g., 
minority Institutions), course offerings (e.g., engineering 
schools), or course structure; v;hile others emphasize 
a diverse student body and comprehensive curriculum. 
This diversity has been a strength of American 
education and research training. 



(continued from previous page) 

Science Board, Science Indicators: The 1985 Report, NSB 85-1 (Wash- 
ington, DC: 1986), pp. 67-68. 

^Institutions in the higher education system will absorb these trends 
in different ways. The research universities will have the most finan 
Lial latitude to accommodate flux in faculty and research positions as 
well as student enrollments. See, for example, Ha'^ :y Brooks, "The 
Research University. Doing Good, and Doing It Better,*' Issues in Sl: 
ence and Technology, vol. 4, No. 2, winter 1988, pp. 49-f5. 

^U.S. Congress, Office c( Technology Assessment, "Preparing fur 
Science and Engineering Careers. F.eld-Lcvel Profiles," staff paper, Jan. 
21, 1987. 
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Figure 3-2.-Science/Engineering Degrees, by Level, Sex, and Race/Ethnfcffy, 1986 
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needs. Because their periods of training are shorter, 
enrolled students can react more quickly to employ- 
ment opportunities. These fields, not coincidentally, 
have been the ones that experience enrollment and 
employment booms, and subsequent busts. When 
fields boom (the most recent examples are engineer- 
ing and computer science), faculty shortages develop. 
Foreign faculty have proven vital to maintaining 
teaching capacity in these fields. U.S. citizens have 
generally sought high-paying haccalaureate-level in 
dustrial employment rather than graduate study in 
pursuit of faculty positions. 

Federal influence over higher education is espe- 
cially forceful at the graduate levei. Federal fellow- 



ships and other forms of assistance are awarded to 
support specific graduate students in specific fields 
of study. Federal R&D programs can also be highly 
influential, since they provide employment oppor- 
tunities for researchers in universities, industry, and 
government, and assistantships for students. Before 
they aspire to research apprenticeships and careers 
in science and engineering, however, students must 
acquire undergraduate educations that prepare them 
for graduate study or, alternatively, convince them 
that research is not their destiny. The character of 
the undergraduate experience is usually decisive for 
imparting the skills and expectations needed for par- 
ticipation in science or engineering. 
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UNDERGRADUATE EDUCATION 



Key Questions 

• How well does undergiaduate education nurture 
talent? 

• What leverage or influence does the Federal Gov- 
ernment have on undergraduate education? 

• Are there particular undergraduate environments 
in science that encourage students to pursue a 
Ph,D.? Are certain environments particularly suc- 
cessful with specific groups? 

Key Findings 

• Interest by freshmen in science and engineering 
is declining slighdy, while majors such as busi- 
ness are increasingly popular. Science and engi- 
neering students continue to have higher high 
school grade point averages and Scholastic Ap- 
titude Test (SAT) scores than those entering other 
majors. 

• Any action that increases the size or changes the 
composition of the entire undergraduate popu- 
lation, such as the G.L bill and Title IX (which 
outlawed sexual discrimination), is likely to be 
reflected In the number of baccalaureate awards. 
Science and engineering fields share in these 
changes. 

• Research universities, in absolute terms, produce 
the largest number of students that go on to 
Ph.D.s. in science and engineering. But small 
liberal arts and technical colleges with some ac- 
tive research produce, in relation to their sue, a 
remarkable number of students who eventually 
earn Ph.D.s, in these fields. 

• Science and engineering majors are sirr.ilar to 
other students in their sources and extent of fi- 
nancial aid. Undergraduate loan burdens do not 
seem to affect decisions by the majority of stu- 
dents to pursue graduate degrees. 

Higher education, once an optional route to 
occupational mobility, is now a necessity for those 
seeking admission to the professions. The baccalau- 
reate is a crucial, but by no means final, credential 
for employment, while institutions differ markedly 
in the educations they provide. The process of re- 



cruiting and sorting student talent is reciprocal: in- 
stitutions' reputations, fees, and locations influence 
the choices of students and their families, while the 
students' academic profiles guide (but do not alone 
determine) institutions' admissions decisions.' In- 
stitutions will have important effects on students' 
future careers, influencing their choices of majors, 
their friends, and their likelihoods of pursuing grad- 
uate study. But a student's career interest and 
planned major will also influence the choice of col- 
lege. Data on the "intentions" of entering freshman 
capture the link between actual college enrollments 
—the net effect of mutual recruitment and sorting— 
and declared career plans. 

Freshmen Intentions To Major in 
Natural Science and Engineering 

The expressed intentions of er.tering freshmen in- 
dicate that fewer students today are interested in 
natural science and engineering majors than at the 
end of the last decade. In I97b, 27 percent, or about 
286,000, of first-time, full-time freshmen entering the 
Nation's 4-year colleges and universities, planned 
to pursue majors in natural science or engineering. 
By 1986, 24 percent (246,000) expressed such in- 
terest.^ 



AppliLdtions for admission to higher education institutions have 
been rising since 1986. Perhaps this is due to c.»cctive college market' 
ing. Students seem more willing to apply to institutions that they or' 
Jinarily ^\ould consider beyond their reach academically and fman 
cially. Because the num* sr of students available to become freshmen 
has been broadcast as demographically depressed, multiple applications 
increase the prospect of choice. See Robert Rothman, "Surprise: Fresh' 
man Enrollment Is Surging," EJucano/i Week, vol. 7, No. 7, Oct. 21, 
1987, pp. 1, 21. From the institution's perspective, a multivariate "pre' 
dieted performance ' model that accounts for differences in the high 
Schools from \\hich students apply, as well as standardi2ed test scores, 
grades, extracurricular activities, etc., is preferred in making admissions 
decisions. See Hunter M. Breland, Educational Testing Service, **An 
Examination of State University and College Adm»sstons Policies," re- 
search report, January 1985. 

^Data are from the Cooperative institutional Research Program's an' 
nual survey of freshmen in American colleges and universities. Fresh 
men intentions to major in fields are taken as an indicator of degree 
trends 4 to 5 years later. The correlation is strong and positive, but 
varidbk by field. Kenneth C. Green, 'Treshman Intentions and Sci 
ence/Engmeermg Careers," OTA contractor report, December 1987. 
Also note that in this section we use the more restrictive designation 
"natural science and engineering" (omitting social science) to estimate 
career interest and siic of the science and engineering talent pool. 
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The decline has been neither steady nor consist- 
ent. Freshman interest in some majors, such as com- 
puter science and eng' leering, rose substantially in 
the early 1980s as students sought careers in high- 
growth fields.*^ Enrollments in both fields began to 
decline in 1984, however, and by 1986 their shares 
of freshman major intentions had slipped back to 
where they had been in the late 1970s. Freshmen 
interest in becoming research scientists also declined 
by more than one-quarter between 1978 and 1986. 
This drop in freshman interest could be interpreted 
as a delayed response to a market perceived as offer- 
ing too few desirable positions for those graduating 
with degrees in science. It is a disturbing trend and 
an early warning signal to those concerned about 
replenishing the research work force. 

Blacks and Hispanics represent 8 and 2 percent, 
respectively, of the freshmen intending majors in 
the natural sciences and engineering, and Asians 
6 percent. Changes in the distribution of freshman 
preferences of Asian and Black students by broad 
field can be observed in table 3- 1 ; for all broad fields 
of natural science and engineering, the proportion 
of whites declined from 1978 to 1986 while the 
proportions of Asians and Blacks rose. In general. 
Cooperative Institutional Research Program (CIRP) 
data indicate that science-interested freshmen are 
more likely than their peers in other fields to report 



''Alocandcr W As^^n er al , The American Freshman Twenty Year 
Trends (Los Angeles, CA. Univcisity of California at Los Angeles, 
Higher Education Research Institute, 1987), pp. H-15. 



"A" or "A-" grade point averages in high school, 
and to report having bpent more time on high school 
homework. They are more confident of their abili- 
ties and have higher degree aspirations. More of 
these high school "high achievers," however, are 
choosing other majors, particularly business, than 
did so in the past.'^^ 

How well do freshmen intentions predict degree 
outcomes? A 1986 CIRP followup survey of the 
freshman cohort of 1982 shows that retention to 
completion of the baccalaureate varies by discipline. 
For example, 70 percent of fireshman business majors 
earn the baccalaureate in business 4 years later, and 
over 60 percent of education and social sciences 
majors receive degrees in these fields. In natural sci- 
ence and engineering fields, the retention rates are 
lower, ranging from a low of 38 percent in the phys- 
ical sciences to a high of 58 percent in engineering. 
In general, these fields lose twice as much talent to 
fields other than natural sciences and engineering 
fields than they gain. As seen in figure 3-3, the "sur- 
vival rate" for the 1982 freshman cohort in four 
broad fit ids can be measured in several ways. (At- 
trition from a natural science or engineering major, 
it should be remembered, can represent a gain else- 
where.) In the biological sciences, physical sciences, 
and engineering, 5 to 10 percent of the bachelor's 



''\Vhcn interest in natural science and enp,ineering majors is ana- 
lyzed for the high achiever student population (those with "A" or "A-" 
high school grade point averages), the proportion of Asians increases 
from 6 to 8 pcreent, while the proportion of Blacks decreases by half 
to 4 percent. Eighty-five percent of the high achiever population is white. 



Table 3-1.— Freshman Preferences for Various Undergraduate Majors, by Selected 
Racial/Ethnic Group, 1978 and 1986^ 



Natural science and engineering 

Physical sciences 

Biological sciences 

Pre-medicine 

Engineering [ 

Other majors 

Social sciences 

Arts & humanities 

Business ' _ ' 

Education 

All oiher^ 

gFreshmen of selected racial/cthntc group as a percentage of all freshmen planning to pursue majors in selected f 
^Percentages have been rounded. 

Includes nursing, allied health, architecture, and undecided students, among others. 

SOURCE: Kenneth C Green, "Fresh^nan Intentions and Science/Engineering Careers." OTA contractor report. 1987, 
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Figure 3»3.— Natural Science/Engineering B.S. Degree 
Attainment, by Freshman Major, 1982 Freshmen 
100 I j { 1 




BiologicaJ Engineering Physical Pre-medcine 
sciences sciences 

■ Degree Inr^ Degree P77 Degree ln| \ College 
fr. majof' L_J In s/e y /a non-s/e I I dropout 



SOURCE Kenneth C Green. OTA contractor /eport. 1987 Based on data irom 
the Cooperative Institutional Research Project. University of Calif or* 
nia at Los Angeles^ 



maticb bacLalaureatcb in the late 1970s was accom- 
panied by a rise in computer science degrees; math- 
ematics is now rebounding somew!\at. Degrees in 
biology have been declining in the past 10 years. 
Baccalaureates in the social sciences peaked in 1974, 
after a period of substantial growth, and have been 
declining ever since. 

Women in Science and Engineering 

Women have never been well represented^' 
among recipients o*^ science and engineering bacca- 
laureate degree awards (see figure 3-5). Women re- 
ceived about 38 percent of science and engineering 
bachelor's degrees (heavily concentrated in the so- 
cial sciences (43 percent) and life sciences (44 per- 
cent)) in 1986/' Although women have made gains 
across the board in their share of science and engi- 
neering baccalaureates, since 1984 their share has 
leveled off, and in computer science, engineering, 
biological sciences, and the physical sciences is de- 
clining slighdy/"" Yet CIRP reports that in 1986 
women were twice as likely as men to be interested 
in medical careers (often anchored by an under- 
graduate major in biology) and significantly more 
likely to be interested in research/" 



recipients earn a degree in a field orlier than the 
freshman major but still within the nuural scences 
and engineering. 

Trends in Science and Engineering 
Baccalaureates 

The number of science and engineering baccalau- 
reates has risen slightly as a oercentage of the 22- 
year-old population, although its share of all bac- 
calaureate degreer awarded has been fairly constant 
during the past two decades. The distribution of 
these degrees by field has varied considerably in re- 
sponse ♦'o economic developments. Federal and State 
policies, and social attitudes (see figure 3-4). Physics 
degrees fell during the 1970s and are still recover- 
ing; one-third of physics graduates continue with 
graduate study. With earth scientists in surplus 
owing to the decline in the petroleum and mining 
industries, baccalaureates in these fields have been 
declining sharply since 1982. A decline in mathe- 



^'Bctc> \1 X'cttcr and Eleanor L. BaKo, Profc^ tonal Women and 
\1inon(K<: A Manpower Data Resource Service^ 7th cd. (Washing- 
ton, DC. Commission on Professionals in Science and Technology, 
December 1987), pp. 137, 151. 199. 

^'The widespread use of the terms "underrepresented" and "over- 
represented" IS troublesome. Both terms assume some "normal" level 
uf rcprcbcntatU/ii tcljtive to a b.isc popul.itton. Thdt popuLition could 
be the total CS. population, the size of the college-age (18- to 2*J-year- 
olds) cohort, or the number of undergraduate students enrolled. The 
refer ep^ is seldom clear; the terms are not u<^ throughout this report. 
For further discussion, see U.S. Congress, Office of Technology Assess- 
ment, ElemL-ntary j/jj SccunJary EJuLaaun tor Science and 
Engmccrtng - A TeJint^al Memorandum ^ forthcoming, .summer 1988. 

'\'etter and Babco, op. cit., footnote 11, p. 5*J, 

^Betty M. Vetter, "Women's Progress," Mosaic^ vol. 18, No. 1, 
spring 1987, pp. 4-5. 

^ Green, op. tit., fuotnute S. The gap between aspirations and reali- 
zation has been explfiined by some as a "chilly climate" for women 
that still prevails in many college classrooms. Roberta M. Hall and Bcr- 
niLL R Sandier, 77je C/.)*Aruuni CUmaie. A Chill) One tor Women." 
(Washington, DC. Association of American Colleges, Project on the 
Status and Education of Women, 1982); Roberta M. Hall and Bernice 
R. Sandier, Out of the Classroom: A Chilly Campus Climate for 
U'l>fni,n.\ Washington, DC. A.>HKialion of American Colleg 's, Project 
on the Status and Education of Women, October 1984). In terms of 
the thinning ranks of the research work force noted earlier, women's 
intentions, at least as they enter college, would appear to be a wel- 
come antidote, if degree-taking indeed follows. 
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Figure 3-4.— rcience/Engineering B.S. Degrees, by Field, 1950-86 
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Figure 3-5.— Science/Engineering B.S. Degrees, 
by Sex, 1950-86 
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SOURCE U S Department of Jducatlon, Center for Educatron Statistics. 



The implicit assuniption tbnt scientific competence 
in the United States is die? roportionately concen- 
trated in the 40 percent of the population repre- 
sented by white males is, as one observer puts it, 
"a handicap that neither science nor the U.S. can 
any longer tolerate on economic, competitive, moral, 
or any other grounds."'^ Yet the gender gap in 
recruitment to nnd participation in science, reduced 
by two decades of gains, is in danger of widening 
again.*' By now, however, strategies targeted to in- 
crease the recruitment and participation of women 
in science and engineering are well known (see box 
3-A).»« 



'^'Michael Hcyiin, "Women, Minorities, and Chemistry," Chemical 
& Engineering News, vol. 65, No. 37, Sept. 14. 1987, p. 3. 

''Betty Vetter, "Women in Science," The American Woman 1987- 
88: A Report in Depth, D. Shavlik and J. Touchton (eds.) (Washing- 
ton, DC: Women's Research and Educational Institute, 1987). 

"^Elizabeth K. Stage et al.. "Increasing the Participation and 
Achievement of Girls and Women in Mathematics, Science, and Engi- 
neering," Handbook for Achieving Sex Equity Through Education, 
Susan S. Klein (ed.) (Baltimore, MD: The Johns Hopkins University 
Press, 1985), pp. 237-268. Also see Susan S. Klein, "The Roic of Public 
Policy in the Education of Girls and Women," Educational Evalua' 
tion and Policy Analysts, vol. 9, No. 3, fall 1987, pp. 219-230. 
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Photo credit: National Institutes of Health 



Females interested in scientific careers have faced strong opposition ever since science became an organized and 
academic activity. Slowly, the barriers to their participation are being eroded, but there are many signs that women's 
progress has, for the moment at least, spuitered. Renewed efforts among the existing scientific work force are needed 

to make science more attractive to females. 



Minority College Attendance 
and Degree-taking in Science 
and Engineering 

Although they constitute about 12 percent of the 
population (and 9 percent of the college freshmen), 
Blacks receive only 2.6 percent ^ the bachelor's 
degrees and 2 percent of the doc jrates in science 
and engineering.*^ The proportion of Blacks that 
complete high school has increased from 10 to 70 
percent in the last 40 years. Black enrollments in 
higher education have increased accordingly (al- 
though they are now declining, perhaps because of 
shifts in Federal aid from grants and scholarships 
to loans, which Blacks are often reluctant to as- 



'*A.K. Finkbeincr, "Demographics or Market Forces?" Mosaic^ vol. 
18, No. 1, spring 1987, p. 17. 



sume).^^ Two-thirds of Blacks enrolled in higher 
education are female. Black males are shunning 
higher education, a talent loss of increasing propor- 
tions. Some of this loss is to the Armed Forces, 
which are excellent providers of technical training 
and also promise financial support for higher edu- 
carion following a period of service.^^ 



^^here are no national data to link firmly this c?dse with this ef- 
fect, and the phenomenon may preclude the collection of information, 
for example, in the Department of Education's Recent College Grad- 
uate survey. See Applied Systems Inc., "Student rk)rrowing. Starting 
Salaries and Education Debt Burdens: Evidence From the Surveys of 
Recent College Graduates," OTA contractor report, September 1987, 
and discussion below. 

^'Slogans such as che Armed Forces' "It's a great place to start!" 
apparently have great appeal. In 1985, over 90 percent of Blacks who 
enlisted were high school graduates. Solomon Arbeiter, "Black Enroll' 
ments. The Case of .he Missing Students," Change^ vol. 19, No. 3, 
May/June 1987, p. 17. "No equivalent exists in higher education to 
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Box 3-A.— Recruiting Women to Science and Engineering: One Physicist's Prescription 

A female physicist's observations on recruiting women to careers in science and engineering form a kind 
of primer on women's participation:' 

• Positive role models, e.g, the national impact of Sally Ride, cannot be emphasized enough. "In addition 
to seeing women functioning as scientists and engineers on the job, students also use role models as a 
primary source of reassurance that a technical career can be mr::ed with family responsibilities." 

• In any science-related activity, a "reasonably sized female peer group" provides a "critical mass." This 
is essentia! at the "most critical times when large numbers of girls turn away from considering technical 
careers," junior high school and at the end of the sophomore year in college, "when they are selecting 
a major." 

• We forget that "today's culture still takes men more seriously" than women. 

An agenda for action requires that women in science receive national attention in the form of publicizing 
statistics on the gap between the sexer, in p^^rticipation in science. 

• "Newspaper editors and television producers can insist that women appear with men in news items about 
science and technology." 

• Scholarships and internships especially for women can be offered by government agencies, academic in- 
stitutions, and high-technology companies. 

• The National Science Foundation can be authorized to study "thv- on-campus factors thought to be im- 
portant in the recruitment and retention of women in science and engineering majors." 

• Summer programs for high school girls can bring them to university c. mpuses to take courses and learn 
about technical careers. This would be a kind of national "Science Head Start" program that Congress 
could delegate to the States. 

• Through cooperative efforts between educational instituuons and prospective employers, the alumni of 
these summer programs could be hired for summer jobs. 

National policy, however, can be developed to support women once they enter the science and engineering 
work force. Among the issues that Congress should consider are these four: 

1. Guidelines on maternity and paternity leave; 

2. Flexible working hours, job-sharing, and home- as well as office-centered work; 

3. Public and private day-care facilities of great variety; and 

4. Research on interrupted careers. 

These issues suggest actions that change the culture through legislation. Only the enforcement of legislation 
will change individual attitudes. 



'Most of the following text is a paraphrase of Elizabeth S. Ivey, "Recruiting More "Tomen Into Science and Engineering/' Issues in Science & Technolo- 
gYt vol. 4, No. I, fall 1987, pp. 84-86. Direct quotes are indicated. 



There have been important shifts in the institu- 
tions that Black students attend. The historically 
Black colleges and universities (HBCUs)" have 
been the main source of Black scientists and engi- 



neers (see box S-B), followed by the large State 
universities. Most Blacks enrolled in 4-'year institu- 
tions are now in traditionally white universities.^^ 



the enormously successful 'Be All That You Can Be' campaign for mil- 
itary recruitment." James R. Mingle, Focus on Minorities: Trends in 
Higher Education Participation and Success (Denver, CO: Education 
Commission of the States and the State Higher Education Executive 
Officers, July 1987). 

"Historically or traditionally Black institutions refer to 105 colleges 
and universities so designated in 1976 by the National Center for Edu- 
cation Statistics and founded before 1954 for the purpose of educating 
Black students. These institutions are located in 19 States and the Dis- 



trict of Columbia. Of the 100 in existence in 1984, 57 were privately 
controlled; the rest are under State control. Susan Hill, The Tradi- 
tionally Black Institutions of Higher Education, 1860'1982 (Washing- 
ton, DC: U.S. Department of Education, 1984), p. xi. 

^^Walter R. Allen, "Black Colleges vs. White Colleges: The Fork in 
the Road for Black Students/' Change, vol 19, No. 3, May/June 1987, 
p. 28; Stephen Chaikind, College Enrollment Patterns of Black and 
White Students (Washington, DC: DRC, 1986); Scott Jaschik, "Ma- 
jor Changes Seen Needed for Colleges to Attract Minorities," The 
Chronicle of Higher Education, vol. 34» No. 13, Nov. 25, 1987, pp. 
Al,31. 
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Box The National Institutes of Health Minority Access to Research Careers Program^ 

Established in 1975 by the National Institutes of Health (NIH), the Minority Access to Research Careers 
(MARC) Program focuses on increasing the number and research capabilities of minority scientists in biomedi- 
cal fields and in strengthening science curricula at minority institutions. The object is to prepare students for 
careers in biomedical research. The explicit focus of the program is on improving minority students' opportu- 
nity, aspiration, and preparation for graduate study. The MARC Program offers botli institutional training 
grants and individual fellowships: the Faculty Fellowship, the Visiting Scientist Award, the Honors Under- 
graduate Research Training Grant, and the Predoctoral Fellowship. 

The Faculty Fellowship, the first award offered, provides opportunities for advanced research training for 
faculty from 4-year institutions serving predominantly minority :>tudents. Members are nominated by their in- 
stitutions and may serve up to 3 years. The Visiting Scientist Award provides financial support for outstanding 
sdentist-teachers at Guch colleges and universities in the hope of strengthenii ^ research and teaching in the 
biomedical sciences. Stipends are set on a case-by-case basis, and fiinding can be requested for a period from 
an academic quarter to 1 year. The Honors Undergraduate Research Training Grant, initiated at the suggestion 
of Congress and the largest component of MARC, often works in conjunction with NIH's Minority Biomedical 
Research Support Program. Its objective is to increase the number of well-prepared students who can compete 
successftilly for entry into graduate biomedical programs. Training support is offered for a maximum of 5 years 
to carefully selected undergraduate honors students at institutions in which enrollments are drawn primarily 
from minority groups. The Predoctoral Fellowship, also awarded for a maximum of 5 years, targets the honors 
graduates and is conditional on acceptance into a biomedical Ph*D. program. 

MARC provides tuition and stipend support for third <ind fourth year honors undergraduate students. Its 
specially structured curriculum includes exposure zo ongoing research in the biomedical sciences, travel, admin- 
istrative support, equipment purchase, and research, including summer study. From 1977 to 1984, MARC Honors 
has grown from $990,000 (or $700,000 in 1972 dollars) (74 trainees at 12 schools) to $4.9 million ($2.2 million 
in 1972 dollars) and 366 undergraduate trainees at 56 schools). Results of a 1984 evaluation and survey showed 
that the program was successful in keeping talented minorities in school and encouraging them to pursue re- 
search careers. 

The MARC Program is continually monitored by a review committee. Site visits show that faculty mem- 
bers report high motivation among MARC honors students and note several examples of published research. 
A questionnaire sent to more than 800 former trainees indicates that three of four have enrolled in graduate 
or professional programs. Some critics contend that the MARC Program places too much emphasis on prepar- 
ing students for research careers and ignores those with other career plans. Yet most (63 percent) MARC alumni 
are employed in science or engineering fields. 

The institutional impact of the various MARC Programs is indicated by a definite increase in biology bachelor's 
degrees at MARC schools. In addition, student surveys show that the r^:earcb component of the program is 
consistendy touted as the most appealing aspect. Many maintain that they would not have continued the''* 
studies had it not been for the availability of MARC funds and the opportunities fostered by the program. 
The creation of role models in these graduate programs encourages the program*s continued success. 

^Howard H. Garnson and Prudence W. Brown, Mtnonty Access to Research Careers. An Evaluation of the Honors Undergraduate Research Training 
Program (Washington, DC: National Academy of Sciences, Institute of McdiLine, Committee jn National Needs for Biomedical and Behavioral Research 
Personnel, 1985). 



HBCU enrollments and degree awards are declin- 
ing, and the large State universities are not com- 
pensating for the downturn. Half of all Black stu- 
dents who attend college enter higher education in 
2-year or community colleges. It is likely that these 
institutions place tiny numbers of their graduates 



into the science and engineering pipeline of 4-year 
colleges.^"* 

According to a survey of 1980 high school graduates, Asian- 
American students were twice as hkely (American Indian and white 
students iVz times as hkely) as Black and Hispanic students to enter 
2'year colleges and later transfer to fyear institutions. For all groups, 
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Photo credit: National Institutes of Health 

While most Blacks in science and engineering used 
to come from the historically BlacK colleges and 
universities, suc; Howard University in Washington, 
DC, an increasli^' roportion now enroll in traditionally 
white universities, including community colleges. 
Overall, Black enrollment in science and engineering 
is declining. 

Most Hispanics and American Indians in higher 
education are enrolled in Z-year colleges. The His- 
panic population is heavily concentrated in Cali- 
fornia, Texas, New York, and Florida. About 75 



(continued from previoLf "iitge) 

there is a flow (of onc.third to one-half as many students) in the other 
directions as well. See Shirley Vining Brown, Minorities in the Grad- 
uate Education Pipeline, Research Report of the Minority Graduate 
Education Project O^rinceton, NJ: Graduate Record Examinations Board 
and Educational Testing Service, 1987), p. 5. Although no systematic 
^eld'level data are available, third-year transfers into engineering are 
reportedly not uncommon when an engineering institution is in close 
proximity to 2-year colleges that can feed it students (OTA Workshop 
on Engineering Education in 1997, Sept. 9, 1987; Bernard Sagik, per- 
sonal communication, October 1987). 



colleges and universities have enrollments that are 
over 25 percent Hispanic." Institutions such as the 
University of Texas-El Paso, Florida International 
University, and the University of New Mexico have 
graduated large numbers of Hispanic students.^^ 

Asian-American students, who are variously of 
Chinese, Korean, Indochinese, Filipino, Japanese, 
Laotian, Cambodian, Indian, and other origins, 
continue to do very well educationally, especially 
in science and engineering. One indicator of achieve- 
ment is that 70 percent of Asian-American IS-year- 
olds take the SAT as compared to 28 percent of their 
age peers. Asian-Americans also tend to concentrate 
at top-ranking universities. The freshman classes of 
the Massachusetts Institute of Technology, the Cali- 
fornia Institute of Technology, and the University 
of California at Berkeley in the fall of 1986 were over 
20 percent Asian-American, compared to 3.1 per- 
cent of all freshmen nationwide" (see box 3-C). 



^^The Chronicle of Higher Education, "Hispanics: Some Basic 
Facts," Sept. 16, 1987, p. A36. In 1987, 60 U.S. mstiiutions founded 
the Hispanic Association of Colleges and Universities. Based on a cri- 
terion of at least 25 percent Hispanic enrollment, 100 institutions are 
expected to qualify by the year 2000. See Cheryl M. Fields, "Demo- 
graphic Changes Bring Large Hispanic Enrollments to Over 60 Insti- 
tutions," The Chronicle of Higher Education, Oct. 7, 1987, p. A40. 

^^Richard C. Richardson, Jr. et al., "Graduating Minority Students,'* 
Change, vol. 19, No. 3, May-June 1987, p. 24. 

"Evidence of the superior academic performance of Asian-American 
students has been described recently in Time, the Sunday New York 
Times Magazine, and the Los Angeles Times Magazine in stories al- 
leging discrimination against Asian-American stud^^nts in admissions 
to U.S. colleges and universities, and their perception as a "nondisad- 
vantaged" minority- See Green, op. cit., footnote 8; Manpower Com- 
ments, vol. 24, No. 10, December 1987, pp. 14-15. 



Box 3'C.— Asian'Americans i. Science and Engineering: Perceptions and Realities 

Stereotypes abound about the intelligence and educational achievements of Asian-American 
children. A closer look suggests that reality is far more complicated than perceptions, though a lack 
of research on the interaction of country of origin, social class, and family structure with educa- 
tional success inhibits understanding of Asian-American participation in the science and engineer- 
ing work force. 

The whiz'kid image fits many of the children of Abian immigrant families who arrived in this 
country iu the late 1960s and early 1970s, following passage of a 1965 law liberalizing immigrant 
quotas. Most of these immigrants came from Hong Kong, South Korea, India, and the Philippines. 
And the image fits many children of the more than 100,000 Indochinese (primarily Vietnamese) 
immigrants who arrived in this country following the end of the Vietnam War in 1975.^ 

Both of these groups included mostly middle- to upper-income professional p-ople who ,vere 
fairly well-educated and who passed on to their children an abiding interest in education and a strong 
work ethic. 
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Por thousands of other Asian-Americans— a high percentage of the 600,000 Indochinese refu- 
gees who fled Vietnam, Laos, and Cambodia in the late 1970s— the problems are far different. Many 
of this recent wave of refugees lived in poor surroundings in their homelands. They came to the 
United States with few skills and little English, have a tough tinix. finding a decent job, and often 
share housing with relatives- Their children find it difficult to karn; some are attracted to drugs 
and gangs; many drop out of school. 

There may be both a generational and a class factor influencing Asian-American students* ori- 
entation to education. There is also a geographical dimension: over one-third of Asian-Americans 
reside in California and another 22 percent in Hawaii and New York combined. 

Asian-American college-bound seniors have the highest high school grade point averages and 
degree aspirations- They do especially well in mathematics courses, which may account more than 
their verbal or social skills for their attraction to science and engineering- Asian-Americans take 
more, and score higher on. Advanced Placement examinations offered in science and mathematics- 
They also excel in the mathematics portion of the Scholastic Aptitude Test. In 1985, Asian-American 
college-bound seniors were twice as likely as other students to plan an undergraduate major in engi- 
neering.^ Because their preparation is better and their attrition less than other groups, Asian-American 
students succeed in higher education at all degree levels- 

In 1986, there were over 225,000 Asian-American scientists and engineers representing about 
5 percent of the total science and engineering work force, compared to 2 percent of the overall U.S. 
work force-^ The Asian-American contribution to U.S. science and engineering is indisputable. But 
no single ethnic group will compensate for the declining numbers of white students planning careers 
in science and engineering, despite the growth in minority populations over the next two decades. 

As for the perception of Asian-American students, the words of a resource teacher with the 
St. Paul, Minnesota, school system's Multicultural Center are instructive: 

Wc encourage our teachers not to look at minority children as having to fit into one mold. Instead 
\vc try to point out that each child brings to .ic classroom a different set of cultural characteristics- 
differences in values, in home life, in economic circumstances."* 

Once these immigrant groups assimilate, it is uncertain how the differences we now observe will 
be sustained, and what will affect their future educational achievements, including their contribu- 
tions to American science and engineering. 

'This and the q»'otcs that follow arc from Bill Fischer, " *Whiz Kid* Image Masks Problems of Asian Americans," NEA 
Today, vol. 6. No. 8, ^darch 1988. pp. 14-15. 

^National Science Foundation, Women and Mmonttes m 5t/ente and Engtncmng, NSF88'301 (Washington, DC. Jan 
uary 1988), pp. 43-45. 

^Also, in 1985, over 34,000, or 8 percent, of employed doctoral scientists and engineers were Asian, one-third of them 
were non-U.S. citizens. For other field, labor market, and career pattern comparisons sec ibid., pp. 22 24 and appendix tables. 
^Fischer, op. cit., footnote 1, p. 15. 



PRODUCTIVE ENVIRONMENTS— UNDERGRADUATE ORIGINS OF 

SCIENTISTS AND ENGINEERS 



Variety among higher education institutions dis- 
tinguishes the United States from other countries 
and contributes enormously to the education sys* 
tem*s success and ability to reach so many students. 
Institutions include vast State universities and col* 
leges (obliged to admit qualified resident high school 
graduates), engineering institutes akin to industrial 



training schools, and research universities of inter- 
national repute. Private liberal arts colleges, histori- 
cally Black institutions, and an array of others com- 
plete the picture. 



Each type of institution serves a different clien- 
tele and has a particular local. State, or national 
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context. Community colleges, predominantly county- 
based, train skilled workers and serve, for a few, as 
stepping stones to full baccalaureate programs. 
Liberal arts colleges are rooted in the classical no- 
tion that exposure to the great books and works in 
all disciplines is the way to instill democracy and 
higher-order thinking in the citizenry. 

Institutions also vary in their relative emphasis 
on teaching and research, and on undergraduate 
and graduate teaching. One group of institutions, 
research universities, specializes in research and grad- 
uate teaching. Another group, a subset of the liberal 
arts colleges, specializes in undergraduate education, 
but does research as well. Some institutions arc ori- 
ented primarily or exclusively to certain populations 
such as Blacks or women. Each type of institution 
with its unique role, contributes to the strength of 
the entire higher education system. 

There is competition among types of institutions 
and within the types themselves. Institutions com- 
pete for Federal and industry research funds, for 
talented students and faculty, and for equipment 
and facilities support. Most science and engineer- 
ing undergraduates are produced by the major re- 
search universities. State institutions, and the pri- 
vate liberal arts colleges. From the point of view of 
the future science and engineering research work 
force, an important measure of the success of the 
education provided by these environments is the 
number of their graduates that go on to earn Ph.D.s 
in science and engineering. 

Graduates who later earn Ph.D.i^ in science and 
engineering come from a limited number of un- 
dergraduate institutions. Ranked by the absolute 
number of their alumni that later receive Ph.D.s 
in science and engineering, iOO schools supply 40 
percent of all students who receive doctorates. 
Four out of five of these top 100 undergraduate in- 
stitutions are private.^^ Of these institutions, large 



^^hls finding is based on an analysis of four baccalaurca:.. Loliortb 
dating from academic years 1950-5! to 1965-66. Degree totals were ev 
traacd from the Center for Education Stntistics* annual Earned Degrees 
Conferred^ and linked 'o the National Research Counur^ Doctorate 
Records File to calculate institutional productivity rankings through 
1979. A lO-ycar lag from baccalaureate to Ph.D. award was used to 
create this indicator of institutional productivity. The methodology 
and vanous rankings are contained in Betty Maxfield, "Persistence in 
Higher Science and Engineering (S^E) Education. S/E Baccalaureate 
to S/E Doctorate Productivity of U.S Baccalaureate-Granting Insti 
tutions/* OTA contractor report, September 1987. 



degree-granting institutions (the "research univer- 
sities") have the highest output of bachelor's grad- 
uates who go on to earn science and engineering 
Ph.D.s. 

A group of about 50 private liberal arts colleges, 
however, has claimed to be especially productive, 
and accordingly, deserving of funding for research 
equipment and teaching.^** These "research colleges" 
claim that their traditional small scale, emphasis on 
research experiences for undergraduates, and focus 
on individual students are major contributors to the 
eventual production of Ph.D.s in science and engi- 
neering.^ For example, their students are encour- 
aged to work with facalty members on current sci- 
entific research and to become full participants in 
research teams. A subset of this group, such as Bryn 
Mawr, Mt. Holyoke, and Smith, focuses on edu- 
cating women and claims to be particularly produc- 
tive of female scientists. 

By looking at an estimate of the proportion of each 
institution's baccalaureate graduates in all fields that 
have gone on to gain Ph.D.s in science and engi- 
neering, OTA finds that some liberal arts colleges 
as well as universities that specialize in technical edu- 
cation are unusually productive of future Ph.D. sci- 
entists and engineers, when allow^mce is made for 
the size of these colleges (see figure 3-6). A large 
proportion of ihe graduates of these environments 
aUo subsequently join the research work force. 

^'*In 1985, these colleges undertook a se!f«study: David Davis«Van 
Atta ct al., Educating American Scientists: The Role of the Research 
College (Obcrlin, OH: Oberlin College, May 1985). A Second Nadonal 
Conference on "Tnc Future of Science at Liberal Arts Colleges" in 
198^ resulted in anotha report. Sam C. Carrier and David Davis-Van 
Atta, Maintaining AmutLS s Suentific ProJuLtntty . 77ic Nceaity of 
the Libers' Arts Colleges {Ohcr\in, OH: Obcrlin College. March 1987). 
Together, they arc known as the Obcrlin Reports. Although the labels 
**researLh Lolleges" and VienLC intensives" hd\e been applied, they 
arc not embratcd even by members of the 50 tolieges. Also, another 
50 colleges probably share the characteristics of those included in the 
Oberlin Reports (see app. A). Tlius. OTA's use of the term "research 
Lolleges" refers to about 100 private liberal artstollegei* where, histori- 
cally (and ironically), teaching has been especially valued. 

^^A quarter-century ago, libcr.il arts colleges wxjre found to be among 
the 50 most productive institutions of higher education. R.H. Knapp 
and H.B. Goodnch, "The Origin of American Scientists," Science, vol. 
133. May 1951. pp. 543-545. This finding was later confirmed by M.E. 
Tidball and V*. Kistiakowsky. "Baccalaureate Origins of American Sci- 
entists and Scholars," Sc/ence, vol. 193. August 1970. pp. o4t-o52. 

"During the 1970s, when single-sex colleges either merged or bcga*i 
admitting Nidblc- numbers uf students of the opposite sex. 2 percent 
of women baccdlaureates from coeducational in&titutions went on for 
a science or engineering Ph.D. compared to 10 percent of the gradu* 
ates uf women's colleges. See M.E. Tidball, "Baccalaureate Origins of 

(cCMnucd on next page) 
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Figure 3 o.— Science/Engineering Ph.D. Productivity, 

by Type of B.S. Institution, 195075 
20 I , 
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^Porcent of all 6.S. graduates who later got scIonco/onginMring Ph.D.s. The I 'Igo 
in sclence/dngtneering Ph.D. pro<luctivity tracks the Incroaso in Fodorai foiiow- 
ship (and R&D) spending during the 1960s. 

"Fiftoon Institutions with an emphasis on science/engineering and that send a 
largo proportion o! their students on to sclence/enqineering Ph.D.s< 

^Tho 100 Institutions of all typos that have the highest productivity ratios for 
science/engineering Ph.D.s. 

^The 50 liberal arts colleges that participated In the Second National Confer* 
enco on "The Future of Science at Liberal Arts Colleges" at Oberlln, June I9d6< 
Those colleges are also known as "research cotlogos" duo to thoir emphasis 
on undergraduate and faculty research. 

SOURCE: Betty D. Maxfleld. OTA cr^tractor report. 1937. 



(continued from previous page) 

Recent Natural SLicnct DiKtuXMQi^t^JijuntJufHishct TJuLur/o/*, \ 
57, No. 6, Novcmbcr/Dcccmlxr 1986, pp» 606-620. In t lie analysis rc 
ported here, tutjl baLLjljurcjtc uutput, nut numbers uf m.tlca an J fc 
males separately^ defined the pruJuLtivity uf mstitutiuns. CALCpt fur 
the preduminantly wumcn s cullegcs, OTA I as nut determined vslitLit 
imtituttgns sent Lirgc numbers of women un fur Ph.D.s, only (he tup 
Ph.D. producers for both ^cxes combined have been identified. 
(Elizabeth 1*idball, personal communication, Dec. 16, 1987.) Alsu note 
that the predominantly women's ^.ollegcs and historically Black loI 
leges iind universities serve mure humogeneous populatiuns than uther 
types c>f institutions. Numerical Lumparisons wtili meJucattunal, largely 
white institutions do not capture this special kind of pruduLtivity. See, 
for example, Michael T. Nettles et al., "Comparative and Predtctive 
Analyses uf Black and ^X'hite Students* Cullege Achievement and Cx 
periences,"7our/i»i/o/'Hf^Ser EJucaf/un, vul. 57, Nu. 3, May Junt 19S6, 
pp. 239 318. Institutiunal level measurement is at best a crude pruxy 
for tlie climate that fosters educational success uf thusc ^ho experi 
cncc it, and perhaps contributes to students* later persistence to the 
Ph.D. 



Figure 3-6 also reveals a peak in the 1960s that 
can be traced (see below) to the sharp rise in Fed- 
eral fellowship and academic research binding in the 
early 1960s, followed by decline from the late 1960s 
into the 1970s. The bulge in baccalaureates going 
on for science and engineering Ph.D.s appears in 
all types of institutions, but is pronounced in the 
research-oriented ones and those receiving the most 
Federal dollars. 

The quality of students recruited and enrolled in 
an institution, of course, is related to the number 
and quality of those who emerge with baccalaure- 
ate degrees. The education provided by th-i research 
colleees is very costly; most of the costs are borne 
by students and their families." These colleges are 
highly selective in admitting students, but make 
great efforts to ensure students' success by offering 
considerable personal attention and support. The 
institutional environment clearly matters." Ele- 
ments of students' experiences in the research col- 
leges that encourage pursuit of the Ph.D., such as 
early research experience, the emphasis that such 
schools place on teaching, and their small student- 
faculty ratios, could be replicated at other institu- 
tions,'^ OTA concludes that to increase numbers 
of Ph.D. scientists and engineers, it would be 
worth studying techniques used by research col- 
leges and encourage other institutions to adopt 
similar strategies and values. 



^'Carrier and Divis«Van Atta, op. cit„ footnote 2*^. 

^'Robert S. Fckley, "Liberal Arts Colleges: Can They Compete?" 
7/ie Broof \Vv/cu-, vol. 4, No. 4, fall 1987, pp. 31. 37. Not only 
IS there <.ement un the defirvtiun of and criteria fur measur* 

ing stuu s{u.. iiy," but . . there .irc nu detailed and comparable 
nattuii.ll data un student perfurmance at the pustsccundary level. At 
best, unl> crude estimates can be made uf the qualit) of subgruups m 
the graduate talent (xxjI by examining trends and characteristics uf 
the applicants taking such rests as the ORE [Graduate Recurd Examt- 
n.itiun)." Bruwn, up. cu., footnute 24, p. 7. Also sec T.W. Hartle, •"Tlic 
GruM ing Interest m Measuring the Educatiunal Achievement of Col- 
lege Students,"' Assessment in Amer/cin Higher £Jucaf/un, C. Adeh 
man (ed.) <VCashingtun, DC. U.S. Department uf Educatiun, i9S6). 

^^Alexander >X'. Astin. Four Crif/ca/ Vears <San Francisco, CA. 
Jusscy B.iss, 1977), esp. pp. 44, 89. These elements are central to sumc 
uther highly producti\e (small technical mstitutiuns such as Harvey 
Mudd and the Califurrita Institute uf Tcchnulugy. Like the Massachu> 
*eto Institute ufTechnulugy and uther research universities, these m- 
stitutiuit> emphasize undergraduate research, indcxnl ufteit require a 
research thesis fur graduatiun. See, tor example, Janet Lanza, "Whys 
and Huws uf Undergraduate Research,"* BxoScxence, voL 38, No. 2, 
February 1988, pp. 110-112. 
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ENGINEERING EDUCATION 



Key Questions 

• How well docs the preparation of new engineer- 
ing graduates satisfy the needs of industry? 

• What are the effects of the huge rise in the num- 
ber of foreign graduate students on engineering 
employment and engineering teaching? 

• Why, after more than a decade of growth, has 
the participation of women in engineering begun 
to decrease in the last few years? 

• What effects have changing enrollments in com- 
puter science had on universities and on employ- 
ment markets? 

• What role does and might the Federal Govern- 
ment have in engineering education? 

Key Findings 

• Most engineers are employed in industry. Indus- 
trial demand— both civilian and defense— for bac- 
calaureate engineers is a powerful magnet draw- 
ing students into engineering programs. 

• The existing stock of engineers and technicians 
is versatile and can adapt its skills, but at a cost 
to employeiS and educational institutions alike. 

• Engineering education needs to balance the cur- 
ricular tug-of-war between the practice-oriented 



pull of industry and the research- and analysis- 
oriented push of universities. 

• The complexity and cost of equipment for teach- 
ing -jngineering is high and rising dramatically, 
and many engineering schools are unable to keep 
up. 

• Foreign graduate students have been attracted by 
the quality of American engineering education 
and have compensated for the dearth of U.S. 
citizeno who are interested in graduate school. 

• The increasing national attention to competitive- 
ness portends an increasing Federal role in engi- 
neering education. 

Engineering differs radically from science. As a 
profession, it is more oriented to business and 
problem-solving, it is highly sensitive to technologi- 
cal change, and it accepts the baccalaureate as die 
first professional degree. All these differences shape 
the engineering education system and its curricu- 
lum. Because students are trained for professional 
practice, engineering curricula normally must be ac- 
credited by the Accreditation Board for Engineer- 
ing and Technology. 

About 80 percent of engineers are employed in 
ind.jstry (see figure 3-?). Even at the high school 
level, employment considerations, especially per- 



Flgure 3.7.— Where Engineers Work, 1986 



Aloogineers 



Ph.D. eogineors 




Academia 

Federal 
Qovommont 



State/kx:al 
govemmont 



Olhor 



SOURCE: National Science Fou.:'<atlof5. Science Hasources Studies. Science and Engineering Personnel. 




Federal 
Govamment 



Other 



erJc 



68 



60 



ceived entry'level salary, may play a larger role in 
students* career intentions than they do in the plans 
of those intending to major in s^.-^nce/'^ These 
same factors, along with engineering's acceptance 
of the baccalaureate instead of the doctorate, make 
the engineering education system particularly re- 
sponsive to changes in the job market. That sys- 
tem can accommodate large curricular changes and 
shifts of interest, both in the absolute size of demand 
and in the balance between different fields, over 
periods of 3 to 5 years. 

Engineering and computer science have been the 
fastest growing areas of study in science and engi- 
neering since the early 1970s. Engineering bachelor^s 
degrees rose from 4.5 to 8 percent of all bachelor*s 
degrees between 1975 and 1985.^^ Engineering 
schools* ability to accomplish this doubling of pro- 
duction has been impressive. Growth in these fields 
has now stopped, as the job market (particularly in 
the electronics and computer industries) has lost 
some of its steam, and as the supply of 1 8'y ear-olds 
has begun to decline. 

The master's degree has long been an important 
final degree for engineering; seven times as many 
masters degrees are awarded in this field as Ph.D.s/^ 
Especially when it involves business and managerird 
components, the master's is becoming a valued prO' 
fessional degree. Meanwhile, engineering doctorates, 
in decline since their peak in the early 1970s, have 
increased over the past few years, largely because 
of the influx of foreign graduate students into U.S. 
engineering schools.'^^ 



^^Carolyn M. Jagacrnski et al., "Factors Influencing the Choice of 
an Engineering Career," IEEE Transactions on Education, vol. 28'E, 
No. I, February 1985, pp. 36-42. 

^Engineering Manpower Commission, Engineering and Tixhnohgy 
Degrees (Washington, DC. American Asbocidtion of Engineering So- 
cieties, published annually). Unless otherwise noted, engineering de- 
gree data are from the Engineering Manpower Commission. The Com- 
mission data at all i egree levels tend to be blightly higher than data 
reported by the National Research Council and the U.S. Department 
of Education's Center for Education Statistics, but follow a umilat 
pattern. 

^'Ibid., U.S. Departme»it of Education, op. cit., footnote 1, p. 184, 
In addit>on, at least ZO percent of master VIevcl engineers arecmployeci 
in the defense industry (National Science Foundation, unpublisiicd 
data). 

^Ehnor Barber and Robert Morgun, "The Impact of Foreign Grad- 
uate Students on Engineering Education," 6c;e.icc, vol. 236, No. 4797, 
Apr. 3, i987, pp, 33-37, National Science Foundation, Toreign Citizens 
m US, Science and Engineering. History , Sfarus, and Outlook ^ NSF 
86-305 revised (Washington. DC: 1987). 



Industria' and academic demand for Ph.D.s in 
engineering is strong. Yet there is pressure to cre- 
ate separate research and teaching streams in grad- 
uate school, for the doctoral route feeds two differ- 
ent employment markets: industrial R&D and 
university faculty. After a downturn in the 1970s, 
engineering Ph.D. awards are slowly rising, but rep- 
resent less than 20 percent of all Ph.D. awards in 
science and engineering.^^ 

Balancing Analysis and Practice in 
Engineering Curricula 

Engineering enrollments and market demand 
aside, many see weaknesses in engineering curric' 
ula and teaching methods. There has always been 
a tug'of'war between industry's focus on immedi- 
ately applicable skills and the university's commit- 
ment to fundamental knowledge and understand- 
ing. There is some evidence that engineering 
education has been skewed by the pattern of Fed- 
eral research funding in the 1960s. Critics have 
charged that the research culture of engineering 
schools emphasizes theory and research, failing to 
teach solutions to problems of design, production, 
and manufacturing with which most working engi- 
neers must deal.**^ 

An important related issue is the extent to which 
students should be exposed— on campus and off in 
neighboring industiy— to up-to-date engineering 
equipmen*- and technology in college. Outdated 
facilities and equipment are a gi owing problem 
throughout science and engineering education, in 
teaching and research, but the problem is most se- 
vere in engineering.*^' 



'^National Research Council, Sur\cy of Earned Docforafcs (U'aih 
ington, DC, published annually). Ph.D.b in engineering research are 
dibcusbed along with the Ph.D. science work force in the section that 
follows on 'Graduate Education." 

*^hebc observations on tensions and trends are based on Steven 
L Goldman, "A History of Engineering Education. Perennial Issues 
in the Supply and Training of Talent," OTA contractor report, Sep- 
tember 1987. Also see National Research Council, Engineering Edu" 
*.atton and Pra*.tiLe in the United States. Engineering /n/rasfrucfurc 
Diagramming and Modeling (U'ash ington, DC. National Academy 
Press, 1986), National Academy of Eitgiiteenng, Engineering Under 
graduate Education (Washington, DC: National Academy Press, 1986). 

^^Independent surveys—by the National Science Foundation, the 
National Society of Professional Engineers, and OTA— of heads of engi 
neering departments at majo> universities all support this conclusion. 
Sec Chemica} and Engineering A/cws, "Engineering Equipment Needed," 
vol. 66, No, 1, Jan, 4, 1988, p, 19. The National Science Foundation 
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Photo credit- University of Tu!sa and The Chronicle of Higher Education 



The majority of engineers work in Industry, and universities 
are expected to train engineering students using 
equipment similar to that which they will use m industry. 
Here, a student at the University of Tulsa, Oklahoma, 
inspects an oil well drill bit that is part of the university's 
full-scale research drill rig. Much university engineering 
equipment is outdated, and replacements are 
Increasingly expensive. 



Co-^puters for design, sophisticated production 
machinery, and other equipment have revolution- 
ized practice in many fields of engineering, and 
universities must teach their students about current 
technology. Ic is increasingly difficult for engineer- 



repoit observes that, "Engin Bering may be a field that has been run 
ning hard just co stay even and that soon may ha c increaMng difficultie* 
in rnaintaining current stocks of basic research ei^uipmcnt/' National 
Science Foundation, Academii, Rc^^drJ^ Equipment m the rhyi,tK.dI 
and Computer Sciences and Ergineenng. f^S2 aiiJ 1985—Exct.uti\L 
Summary, SRS 87-D6 (Washmgton, DC: October i987), p. 9, 
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ing schools to finance the continual upgrades in 
equipment and facilities required for high-quality 
engineering teaching. This problem is especially se- 
vere in the 200 comprehensive schools (those be- 
low the top 50 or so, as measured by the nuraber 
of engineerliig degrees awarded), which produce 
about half the B.S. engineers. 

There are a variety of ways to expose students to 
new engineering technology and the work condi- 
tions of real engineers, without attempting to match 
industrial facilities. Some of the technology (for ex- 
ample, that of computer-aided design) can be simu- 
lated by comouters. Cooperative work -study ar- 
rangements with industry, part-time employment, 
and summer internships are also helpful/' These 
programs give students the first-hand experience of 
actual engineering practice. The use of adjunct 
faculty borrowed from industry is another way to 
impart up-todate knowledge of industrial methods. 

The Transition to Work 

Employers customarily train young engineers, nor- 
mally hired with only bachelor's degrees, to meet 
the particular demands of their firms. This on-the- 
job trai: iing socializes engineers and overcomes what 
many in indusr./ see as an overly theoretical bias 
imparted by engineering schools. Employers, by and 
large, do not expect new B.S. engineers to be fully 
competent for 6 to 12 months after hiring. 

Employers are finding that the speed of change 
in engineer'.ng technology recently has left engineer- 
ing schools further and further behind in exposing 
students to current techniques and working condi- 
tions. This development places a growing training 
burden on industry, and both universities and com- 
panies are adjusting their methods accordingly. Part- 
*'?me jobs, internships, and cooperative work-study 
programs in industry are all regarded as excellent 
opportunities to orient students to the working con- 
ditions, culture, and technology of actual engineers. 



^'Cooperative education— student work in indu>crial or corporate 
settings— IS particularly important for providing role models and ca- 
reer guidance. Engineering cooperative grddu.Uo, like other coopcia- 
tive students, tend to rexeiv^ lughcr .^u]aric\s *irid better A'bs ..ttcr gradu- 
tilion, >ct they arc no Ics.^ likely than ollicr cnguitvr.s to enter graduate 
School. Sec Richard T. Kiclj-en ci ,\\., An Enii/k>yL-r\s Guide to Coit^i- 
iitdtnc EdiiK-dtum ^Bo^ton, MA. National Commi*>MoH on Coopera- 
tive Education, 1987). 



70 



62 



Industry, which has a long tradition of on thc-job 
training for young baeealaureate engineers, has in 
these ways expanded its influence on the engineer- 
ing schools in reecnt y^ ars. The Federal Govern- 
ment, by promoting joint industrv -universitv R&D 
programs and b> establishing federally funded engi 
neering centers on campuses, is encouraging this 
more expansive role."*^ 

Another continuing tension is j\tr the length of 
the engineering curriculum. For decades, the ex- 
panding technical content of manv engineering fields 
has created pressure to institute 5-year engineering 
programs in place of the traditional 4-year course. 
A few institutions have done so, but more have 
abandoned this experiment. One issu'. is wheti.^r 
this additional cour^cuork should consist of tech 
nical electives or "liberal studies." The point mav 
be moot, industrv enthusiasm for these programs 
is lukew arm, since on the-job training of >oung engi- 
neers can more easily be tailored to firms' particu- 
lar needs. 

Engineering Attracts Few Women 
and Minorities 

The places of women and minorities in engineer- 
ing education, as in the engineering work force, 
show continuin'- inequities (see table 3-2). The 
proportion of v. omen in engineering undergradu- 
ate programs, after 15 years of steady gains, during 
which they rose from 1 to 15 percent of the bach- 
elor's degrees awarded annuallv, leveled off in I9S5 



^ X«m r. Suh, "The ERC^. Whar Ha\.(. LcariKj," En^mccnri}; 
Education, vol. 78. N^o. I, October ^87, pp. 1618. Dor. E. k'n>h. The 
Engineering Rci^carch Ccn(cr>: Leaders in C/iaji/rc(\VasKinj;ton, DC 
Kanonal Academy Press, h?67); Dchra W. AmiJon Rogers. "Meeting 
the Global ChalIengc>of a N\v\ Era," fngj/iLtri/i.ii f Jik.Uj. n, voL 7^. 
N^o. 4. January 19S8. pp. 222-225. 



Table 3-2,— Engineering Degrees, by Level, Sex, 
and Race/Ethnicity, 1986 





Percent of degrees 




B.S. 


M.S. 


Ph.D. 




..... 14.3 


11.9 


6.7 




2.7 


1.5 


0.5 




2.8 


1.4 


1.0 




6.2 


7.4 


6.2 




. 0.2 


0.1 






11.9 


10.5 


7.8 



^Includes degrees awarded a; the University o* Puerto Rtco Excluding this univer- 
sity drops the Hispanic BS rate to 2 4 percent 



SOURCE' Engineering Manpower Commission. t987 



and dropped in 1986."'^ Freshman women'b degree 
intentioni) indurate that they will not continue their 
progrebb tow ard equal representation in the near fu- 
ture, interest is aetually slumping. Women represent 
onl) 3 percent of the engineering work for<.e. They 
LonL^:ntrate in ehemij^al and industrial engineering, 
and are less well represented in high-growth fields 
such as electrical engineering.^^ 

Blanks and Hispani<.s, too, earn a small fraaion 
of the degrees awarded in engineering. Blacks, in 
1986, received less than 3 percent of the engineer- 
ing La<.<.alaureates, a similar share as in 1979. His- 
pani<.s, with about 7 percent of the U.S. popula- 
tion, received about 2.4 percent of the engineering 
baccalaureates. These modest levels of participation 
by both groups are exacerbated by high attrition, 
about half of the Hispanics and one-third of the 
Blacks w ho enroll m engineering as freshmen com- 
plete their undergraduate degrees. (The national 
average is 30 to 40 percent. Also, few opportunities 
are given to late entrants, owing to the sequential 
nature of the required preparation.) Intervention 
programs, such as the Minority Engineering Pro- 
gram now operating throughout the California State 
University system, have increased student persist- 
ence to the baccalaureate."^^ 

Foreign Citizens in Graduate 
Engineering Education 

The most fundamental recent development in 
graduate erigineenng education is the large foreign 
influence in U.S. engineering schools. Engineering 
and son'.e fields of science, such as mathematics and 
physics, have long had significant numbers of for- 
eign-born faculty, most of whom have become 
naturalized citizens. The influx of foreign students 
during the last decade, though, is of an unprece- 
dented scale. More than half the engineering stU' 
dents I n American graduate programs today are for- 
eign citizens, most of whom hold temporary visas 



^'Vcttcr, "\X omen's Progre*.<," op, cU., foornotc 14. p|>. i ^. 

^ Office ot Ti*.nnologv A^^c^sment, op. tit.» foornorc 6. pp. 6^)'7*). 

*'For a rcvtcu ot national mmority engineering programs, includ- 
mg the nstitutions mo^t productive of mrnoritv engineer^, sec Bhck 
Am/cs n Higher EJu*. .if/on, "Special Report. Engineer ing Education," 
Vol. No. 15. Oa. IS. mi, pp. 12-15. Aho sec Edmund W. Gor- 
dv>n ct aK, /\ Kepoff to the Field. A Dc\t.nptne /\/wh5i^ of Program^ 
ji,d Ta/jJ> Hi Liigiin.xnnfi f Juidfjv^n Lthnn. Xfmont} Students 
^Ni VI Yvji!v, NY. Xatiunal Action G»unul tor Minurutes in Engineer 
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that call for eventual return to their native lands. 
Fewer and fewer U.S. citizens are willing to forego 
the lucrative salaries that new baccalaureate engi- 
neers (and some scientists) can obtain, in favor of 
several years of graduate student poverty that will 
yield them a few thousand dollars more in annual 
star;.ing salary. Today, more engineering Ph.D.s are 
awarded to foreign-born students than U.S. citizens 
(figure 3-8). University faculties are even more heav- 
ily weighted toward non-l IS. citiz^^ns, especially at 
the assistant and associate professor levels."'" While 
half of foreign engineering graduate students plan 
to join the U.S. work force, about 60 percent of for- 
eign students obtaining Ph.D.s in the United States 
remain here (see box 3-D)."*^ 



^'Paul Doigan and Mack GiIkcson» "Engineering Faculty Demo- 
graphics: ASEE Faculty and Graduate Student Surv .y. Part II. En^n- 
ntxring Educntton, vol. 77, January I9S7, p. 20S. 

'''National Science Foundation, Witional Pnttcmi. of Sticntc and 
Tcchnologv Resources (Washington, DC: I9S6). p. 2S; U.S. General 
Accounting Office, Plans of Foreign Ph.D. Candidates: Plans of US. 
Trained Foreign Students in Science ^Engineering, GAO/RCED i^'^- 
I02PS (Washington, DC: U.S. Government Printing Office. February 
I9S6), p. 3; National Research Cx>uncil, Foreign and Forcign-Born Engi- 
neers in the United States: Infusing Talent, Raising /s5i/c5 (Washmg- 
ton, DC: National Acadenu Press. I98S). p. 2; National Science Foun- 
dation, op. cit.. footnote 3$. 



Box 3-D.— Immigration Policy and Practice: How Foreign Nationals En^er the U.S. Science 

and Engineering Work Force 

Foreign nononals enter ;hc U.S. science and engineering work force by several paths. Knowledge of che 
different paths of immigration and the requirements and regulations for each is important for guidmg policy 
on the flow of foreign scientists and engineers into and out of the United States. Immigration is controlled 
by b'K^ and by rules and regulations set by the Immigration and Naturalization Service (INS), the Department 
of Labor, and the Department of State.' Most immigration policv is set by INS, although the Department of 
State actually issues all visas. Immigration into the United States falls irto two broad categories: immigrants 
exempt from limits (for immediate family and refugees) and immigrants subject to quotas (that give preference, 
for example, to distant family members and workers with needed skills). 

Temporary Entry— Students and Temporary Workers 

Like all immigrants, many immigrant scientists and engineers first enter the United States as temporary 
workers or students (sec tabic and diagram below). Foreign .science and engineerir.^ students, visitor^, and tem- 
porary workers may enter the United States without limitation, and contribute significantly to U.S. research 
during the ycr^rs they are here. It is widely believed that about half of foreign science and engineering students 
stay in the United States for at least a few >ears after graduation in order to work, and many of these stay 
for many vcars or permanently.' The university route to immigration has become more important relative to 
direct immigration into the work force since 1^76, vvh'*n immigration law changes made it difficult for foreign 
workers to enter without a firm job offer. 

Most foreign students enter the United States on F-1 temporary student visas, usually issued for the entire 
anticipated duration of 5tud>. Some enter on J 1 exchange visitor visas, which usually require that ihe visitor 




Figure 3-8.— Engineering Ph.D.s, by Visa Status, 
1960-86 
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Includes unknown citizenship (currently about 8 percent ol total) 
SOURCE National Research Council. Survey of Doctorate Recipients 
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SOURCE Office of Technology A&sessmeni. 1988 based on 'lata from the Immigration and Naturahzatron Service 



or Student return tu hib or her native land before i>eekin^ permanent rcbiden^e in the United Statcb. A small 
number of foreign students are already permanent residents of the United States on the basis of family tics, 
and require no further ^^crmission to be students. There are no quotas on student visas, and essentially all stu- 
dent visa applieations arc approved. (Applicants must have been admitted to a U.S. institution and show I 
year of available funds and aeecss to support for the duration of their ttudie;>, foreign students may not work, 
except on c«ampus.) About half of foreign students major in science or engineering/ 

When a student graduates, he or she may apply to INS for a I-year extension for **praaieal training" in 
their tield. Such extensior.s arc almost always granted. During this period foreign students may hold paying 
jobs. Foreign scientists and engineers may also stay temporarily in the United States under a different visa cate- 
gory, H visas, for temporary workers of distinguished ability (H I visa), with needed skills (H-Z), or trainees 
(H-3). Most such temporary workers have already been in the United States as students, and adji'.st their visa 
status upon application to INS, others come directly from their home country. There are several subclasses 
of temporary workers. Most scientists or engineers work under H-I visas, foi temporary workers who are profes- 
sionals (which includes most science or engineerutg graduates) or of distinguished merit or ability . To be admit- 
ted to H I status, an applicant must have a job offer and the prospective employer must demonstrate to the 
INS that the individual has special skills and that the job that the individual will undertake requires such skills. 
A fcAv Scientists and engineers work under H-Z visas, for which the employer must establish for INS that there 
are no U.S. citizens willing and able to take the position, and that admission of the individual will not adversely 
affect labor markets. The individual does not necessarily have to be of extraordinary merit. The H-I and H-2 
vi.-»as can normally be renewed annually, under current INS policy up to a maximum of 5 years. There is no 
limitation on the number of H-1 and H-2 visas that may be issued annually. It is usually quite easy for a foreign 
science or engineering student to adjust to temporary worker status. 
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Immigration 

Foreign national ean work temporarily m the United Stateb under either the F-1 praetieal extension the H-l 
and H'2 status, but cannot reside permanently in the United States on these vi^as. There are two routes by which 
foreign nationals ean become permanent residents, a status which allows them to work and live in a manner equivalent 
to U.S. citizenship. (Achieving permanent residence is the major hurdle for foreign v.»iizens. Permanent residents are 
for most purposes the same as U.S. citizens; naturalization is merclv validation.) 

The first route is marriage or being part j( che immediate family of a U.S. citizen. In this case, permanent residence 
is granted for family reunifii 2ti<>.ii and entry is granted without reference to the person s skills. There is no limit on 
the number of people admitted on this basis. Most scientists and engineers who achieve permanent residence do so 
through this path. 

About 30 percent of the scier tists and engineers that become permanent residents do so on the bas's of occupa- 
tional preferences, and the nur.iber of people admitted on this basis is controlled by annual worldwide quotas set 
by INS. Sr ientists and engineers most commonly enter under the ^hird preference, for professionals of particular skills. 
Some enter under sixth preference fo'^ skilled or unskilled workers. For admission under the third or sixth preference, 
the applicant's employer is requirt \ to petition the Department of Labor to show that admission of the applicant 
would not adversely affect U.S. workers similarly employed and that that there are no U.S. citizens with the skills 
or the inclination to take the job in question. A very few scientists and engineers of professional reknown and mterr v 
tional reputation enter under Schedule A, group II— a select list of occupations for which the Department of Labor 
(DOL) has already determined that there is a shortage of U.S. citizens. (Although DOL makes the list, INS decides 
who qualifies for immigration under Schedule A. Engineers used to be, but are no longer, on Schedule A.) Following 
approv al by the Department of Labor ("labor certification"), the applicant then must petition the INS, which considers 
the application on the basis of geographic aud other quotas. 

Although immigration policy governs the entry and exit of foreign scientists and engineers, other influences affect 
the pressure on that immigration system. Federal and university policies on tuition and awarding various forms of 
support to foreign citizens affect the attractiveness of study at U.S. universities, although most foreign students bring 
substantial support with them. Federal, State, and corporate employ meiit policies, particularly for defense-related work, 
shape the job market for foreign nationals. And political and economic conditions m foreign countries drive the flow 
of their citizens abroad. 

The system of temporary and permanent immigration to the United States ha^ evolved gradually over time and 
has been amended to reflect changing priorities. Among the many goals of immigration policy are promoting tourism 
and increasing international exchange and understanding, unifying and reunifying families, encouraging talented peo- 
pie to bring their skills to the United States, offering a safe haven to refugees from froi^i war; protecting American 
workers, and controlling the national origins of immigrants to the United States. Since immigration practices are 
often built around achieving each goal separately, these goals sometimes conflict. 



The Immigrauon and KaUunaLty Awt of I>32, amended by variou!> laws., partiLuIarly the Immigration and Naturalization Aa ot i963 ^wht^h ended 
national origin quotas, c»catcd prcfcrcnLt groups and introduccJ 'abor certifiLatton), the Eilberg Aa of I97<>\whiLh tightened labor cert ifteat ion requirements), 
and the Immigration Reform and Control A<.i of 1586. Tht lead Federal a^^enLies have considerable dis«.retion in 6<:tttng policy. The immigration system .s 
large, complex, and fairly individualistic; there are always minor exceptions to genera! practice. 

"Michael C Finn, Oak Ridge Associated Universities, Foreign Wixtonal Si^icnm-is and Enffnccis m (he L.S, Labor Fom, l972-i9if2, \Oak Ridge, TN. 
June 1985), cited »n National Science Foundation, Forctgn GtJitns in U.S. 5cicntt .in J Engineering. Hisiory, 5rarus, and Ouilookf NSF i$<>-i03 revised l^Xash* 
ington, DC: 1986), p. 39. 

'institute fo: International Education, Open Doors 1935/66 (New York, NY; 1986). 



The high quality uf foreign-born students and 
faculty is not at issue. Furthernnore, without them, 
many graduate engineering programs would .lave 
to close their doors, and engineering faculty would 
be scarce. However, worry about language problems 
and the impact of cultural differences on the future 
engineering ^/ork force are warranted. Some women 
engineering s dents, for example, h: '^e reported 



crimination by foreign faculty and ;>iaduate teach- 
ing assistants that exceeds the rebidual sexism they 
encounter in the predominantly male culture of engi- 
neering education."*^ 



A. Hcppcnhcimcr, "Engineering Education: Stability Under 
Strain," Mosaic, vol. 18, No. I, spring 1987, pp. 18-25; National Re- 
search Council, op. cit., footnote 48, p. 8. 



ERIC 



74 



66 




Photo credit: California Institute of Technology 



Foreign citizens who attend American universities to 
study science and engineering are generally regarded 
as excellent and hardworking, and many stay in the 
United States and join the work force. However, the 
high proportion of foreign citizens in some fields, 
particularly engineering and mathematics (and to a 
!esser extent computer science, physics, and agriculture), 
has raised various concerns. Most observers believe 
that the underlying problem is a paucity of American 
citizens willing to undertake graduate study in science 
and engineering. While some favorch&nging immigration 
policy to encourage foreign Ph.D.s to stay in the United 
States, others are calling for limits on Federal funding 
of foreign citizens in universities. In addition, some 
academics are concerned about the effect that the 
influx of foreigners is having on universrty teaching. 



Related to the foreign component of the U.S. engi- 
neering work force are the effects of the defense 
buildup by the Reagan Administ .tion. About one- 
quarter of all engineers now work on defense proj- 
ects.^ Some argue that these projects drain talent 
from the civilian sector, but others hold that mili- 
tary spending has boosted the supply of engineers. 
American students' loss of interest in engineering, 
particularly at the doctoral level, is a concern for 
the Department of Defense (DoD), since DoD's use 
of foreign engineers is largely prohibited by Federal 
security and employment laws. Partly to compen- 
sate, DoD is devising programs to bring more women 
and minorities into the talent pool.^* 



National Research Council, The Impau of Defense SpcnJin^ on 
\onJc/cn5e Engineering Labor Markers (VC'asKingtun, DC, Katiunal 
Academy Press, 1986). 

^'For example, see Nfina >X', Kav, Huston Tillutsun College, Center 
for the Advancement of Suencc, Engineering, and TechnoIug>, "A 
Studv to Determine and Tebt Factorb Impacting on the Suppiv of Mi 
noritv and VC'omen Scientiitc, Engineer!) and TcchnulugibtS) fur Defense 
Industries and Installations/' unpublished manuscript, 1987. 




Photo credit: MESA Program 



Large amounts of Federal R&D funds are spent on 
defense projects. Some argue that this spending draws 
disproportionately large numbers of students, particularly 
the most talented, away from the civilian sector and 
has detrimental effects on their training. Others argue 
that defense spending has boosted the supply of 
scientists and engineers, absorbed labor surpluses, 
and spurred leading<edge research. In either case, 
because of prohibitions on the use of foreign nationals 
in defense work, the Department of Defense is particularly 
keen to attract more U.S. citizens in the talent pool. 

Engineering technicians and technologists form 
a large potential reserve stock of talent. The Na- 
tion's 1 million engineering technicians (compared 
with about 2.4 million engineers) are an important 
part of the engineering labor force, and they are a 
potential source of engineering skills. Some have al- 
ready received training through specialized 2- and 
4'year engineering tech^ixian and engineering tech- 
nology programs, which are increasing nationally.'^- 

The Nee»^ for Continuing, 
Life-Long Education 

The fast pace of technological change has in- 
creased the need for mid-career retraining of engi- 
neers. Most agree that this need is not being met. 
Industry, which traditionally has preferred to hire 
and train yc ing baccalaureate engineers rather than 



^^Thc problem is that engineering technology is still searching for 
dn identit> jnj tull Litizcn^hip *n the world of engineering. See Lawrence 
J. \X uif, "The Emerging Identity of Engineering Tcthnulugv, * Engi- 
neering Education, vol. 77, No. 7-8, April/May 1987, pp. 725-729. A 
bill, H.R. 2134, was introduced in the lOOth Cungrctvi proposing ^ .\V 
tiunal Advanced Technicians Training Act. It calls fur the Katiunal 
Science Fuundation tu designate 10 cc. iters of excellence among com- 
munity colleges to serve as clean nghouscs and model training programs. 
Sec Congressional Record, vol. IJ3, No. 62, Apr. 22, 1987. 
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retrain its old xjtock, has not been a leader in con- 
tinuing education.^^ Some universities, sensing the 
market opportunities, are reluctantly beginning to 
provide this training, but it is clear that their pri- 
orities remain teaching the young and conducting 
research. However, there are many engineers with 
out-of'date skills, and education to update them 
could be an efficient way to increase both the sup- 
ply and quality of engineers. 

One promising approach to mid-career training 
is to use computer and information technology to 
provide training programs at workplaces, rather 
than at university campuses. The National Tech- 
nological University, a consortium of 30 universi- 
ties, offers masterVlevel engineering courses via sat- 
ellite video, with two-way audio connections to 
companies' premises. Preliminary evaluation indi- 
cates that learning in this way is highly successful 
and that cost savings are substantial.^^ Other pro- 
grams based on this model are beginning to be estab- 
lished, though widespread emulation is by no means 
assured. 

Scope for Federal Policy in 
Engineering Education 

Although industry and universities are the key 
players in engineering education, the Federal Gov- 
ernment has a place '^nd is increasing its policy in- 
fluence. The international competitiveness of Amer- 
ican industrial performance has caused the National 
Science Foundation (NSF) to pay a great deal more 
attention to engineering than :t did a few years ago. 
Infrastructure, faculty, and students all need atten- 



^^herc arc notable exceptions, such as IBM and HewIett'Packard. 
Estimates of the cost of retracing by U.S. industry— all personnel, not 
just engineers— range into the billions of dollars. 

task force of the American Society for Engineering Education 
recently laudc-d the pioneering c^orts of the Association for Media- 
Based Continuing Education for Engineers (a consortium founded in 
1^76 with funding from the National Science Foundation and the Sloan 
Foundation), as well as the National Technological University, for their 
"integration of learning modules with new communications technol- 
ogies in order to free continuing education from time and JtbtanLC con 
straints." American Society for Engineering Education, A \'ational 
Action Agenda for Engineering Education (Washington, DC. 1987), 
p. 28. 



tion, and this intervention is timely. Some efforts 
to encourage the interplay of engineering theoiy 
with industry practice have been mounted in the 
NSF Engineering Research Centers, and additional 
steps could be taken by the national laboratories 
(such as playiiig host to cooperative education stu* 
dents). Evolving relationships between industry and 
universities will tend to narrow the gap between 
engineering as taught in engineering schools and as 
practiced in the world of employment.^^ 

Federal R&lD funding affects the supply of engi- 
neers indirectly, but substantially, by shaping in- 
dustrial and academic engineering programs. Other 
than this influence, the Federal role in alleviating 
shortages of particular engineering specialties is lim- 
ited to assistin2 undergraduate and graduate educa- 
tion, technician training, and continuing education. 
In the long run, interventions in the elementary and 
secondary education of students in mathematics and 
science, where talent is first identified and nurtured, 
will be necessary.^ 

Most engineering institutions will require not only 
Federal help in refurbishing their equipment and 
facilities, but assistance in inducing U.S. students 
to pursue graduate study. Most schools can neither 
acquire the costly design and production technol- 
ogy equipment that has swept through industry in 
the past decade, nor afford to turn away he im- 
pressive foreign talent clamoring for admission. Engi- 
neering institutions will have to juggle the resources 
at their disposal and adapt their pedagogical use of 
technology, both local and remote, to maintain the 
quality of education they offer. 



^^An example is the Semiconductor Research Corp. formed m 1982 
to facilitate technology* transfer among U.S. indu.^ ry, government, and 
mst ^utions of higher learning. See Ralph K. Cavm, HI and D. Howard 
Phillips, "SRC. A Model of Industry'University Cooperation," Engl' 
neer/ng Education, vol. 78, No. 4, January 1988, pp. 224-227. 

^he National Action Council for Minorities in Engineering, the 
Southeastern Consortium for Minorities m Engineering, and the Jun- 
lor Engineering Technology Society all sponsor programs dedicated 
to augmenting school experiences and creating interest m engineering 
as a career. See, for example, National Action Council for Minorities 
in Engineering, Long i^ange Plan 1986-1995 (New York, NY; Decem- 
ber 1986). 
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GRADUATE EDUCATION: ENTERING THE RESEARCH WORK FORCE 



Key Questions 

• How healthy is graduate education? How are 
research universities responding to the cooler cli- 
mate for academic research and an increased em- 
phasis on exploitable areas of science than pre- 
vailed two decades ago? 

• How important is Federal funding of graduate 
education? Are some support mechanisms more 
effective than others iu expediting completion of 
the Ph.D.? 

• What factors seem to attract students, particularly 
women and minorities, to graduate study in sci- 
ence and eventual degree-taking? 

Key Findings 

• The quality of most Ph.D.-granting science pro- 
grams and their graduates is very high. The uni- 
versity-based research apprenticeship is a strength 
of the U.S. system, and in many fields sets a global 
standard. 

• Graduate education in the sciences is a long (an 
average of 7 to 8 years after the baccalaureate) 
and expensive process; a variety of support mech- 
anisms (teaching assistantships, research assistant- 
ships, and fellowships) sustain students en route 
to receipt of the Ph.D. 

• Federal funding aas a direct positive effect on 
Ph.D. production. Fellowships and traineeships 
in particular have bet.^ a straightforward way to 
increase Ph.D. production in science and engi- 
neering. 

• The size of rhe debt incurred during undergradu- 
ate education may deter minority students from 
electing graduate study. 

• In retrospect, infusion of Federal R&D funds to 
science and engineering jradii.vte programs in the 
1960s was a principal cause of the rapid expan- 
sion of American graduate schools. As the num- 
ber of scientists and engineers has grown, so has 
the competition for research grants and the need 
for equipment and faculty. This expansion has 
taxed the system of university basic research and 
graduate training, and decreased the attractive- 
ness of academic careers. 



Acculturation to the Research 
Environnnent 

Beyond the baccalaureate degree, the educational 
system offers students two further goals: the master's 
and the doctoral degrees. For scientists, the doc- 
torate is a research degree, and all hopes are sen on 
it. Master's degrees in science are awarded as spe- 
cialized stepping stones to doctorates; sometimes 
they facilitate field-switching, but often they are seen 
merely as consolation prizes.^^ Master's degrees 
normally involve some research, but the Ph.D. cer- 
tifies the ability to do independent research. 

For those who enter them, doctoral programs in 
science signify not only tb "^mal step of formal edu- 
cation, but also the initiation into research commu- 
nities.^^ A nation concerned about the research 
base of scientists must be deeply concerned about 
what is happening at graduate schools, for that is 
where the research base is formed and renewed. 



^'Judith S. Glazer, The Master's Degree: Tradition, Diversity, Inno- 
vat'on, ASHE'ERIC Higher Education Report No. 6 (Washington, DC: 
Association for the Study of Higher Education, 1986). 

^Alan L. Porter et aL, "The Role of the Dissertation in Scientific 
Careers," American Scientist, vol 70, September-October 1982, pp. 
475'48K 
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Graduate education in science auJ engineering Involves 
both advanced study In specialist fields and an 
acculturation to the practice of scientific research. 
Students work closely with faculty who become their 
mentors in what is, in effect, an apprenticeship 
to research. 
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Fortunately, American graduate schools are of 
very high quality. Not only vital to our national 
competitiveness and quality of life, they are increas- 
ingly international resources. In their number, in- 
dependence, and diversity, and in their historic 
integration of education with research, they are un- 
paralleled. These same qualities make it difficult to 
assess their general health and the quality of their 
outputs, though the increasing numbers of foreign 
students and faculty entering America's graduate 
schools are taken by many as a testimony to their 
strength. 

The intertwining of education and research may 
be the source of this strength; the graduate student 
is not only a student and scientist in training, but 
an apprentice researcher as well. Universities are en- 
trusted with the responsibility for most basic re- 
search in the United State.. Graduate students, 
especially at the doctoral level, therefore receive im- 
portant experience in research at the highest profes- 
sional level. 

The Nation's university research enterprise, how- 
ever, is in transition. After extraordinary growth 
in the 1950s and 1960s, Federal research funding 
entered a period of slower growth and decline in 
the 1970s and 1980s.^^ Graduate enrollments have 
paralleled funding trends, reflecting also the decline 
in faculty em^^Ioyment opportunities. Universities 
have responded by engaging in novel funding and 
management arrangements with industry and gov- 
ernment to maintain their financial and academic 
health.^ 



'^on I. Phillips and Benjamin S.P. Shcn (cds.), Research in the Age 
of the Steady-State University ^ American Association for the Advance- 
ment of Science Selected Symposium 60 (Boulder, CO: Wcstview Press, 
1982). 

^For an overview, see White House Science Council, Panel on the 
Health o/L/.S. Colleges and Universities (Washington, DC. Office of 
Science and Technology Policy, 1986). The most celebrated contem- 
porary cases of university accommodation to financial pressures con- 
cern partnerships with industry over biotechnology and with the De- 
partment of Defense over Strategic Defense Initiative research. See, 
for example, Dorothy Nelkin and Richard Nelson, "Commentary: 
University-Industry Alliances," Science, Tec/ino/ogy, & Human Values, 
vol. 12, No. I, winter 1987, pp. 65'74. Universities' most politicized 
responses to funding pressures have perhaps best been expressed in 
the competition over siting of the Superconducting Super Collider, and 
debate over peer review and the growth in congressional earmarking 
for building construction (laboratories, libraries, centers) on univer- 
sity campuses. For a congressional perspective, see Sherwood L Boeh- 
lert, "Money, Science, and the SSC," Chemical & Engineering News^ 
vol. 66, No. I, Jan. 4, 1988, p. 5. 



Ph.D. Awards— Towar(j a Steady State 

An OTA analysis of the number of doctorates 
awarded in each field of science and engineering 
shows that, during the 1960s, doctorate production 
underwent a sustained rise that is correlated with 
increases in Federal funding of research and fellow- 
ships. As seen in figure 3-9, graduate enrollments 
more than doubled between 1958 and 1970, rising 
from 314,000 to 816,000 as Federal support grew. 
Since then, slower growth in Federal funding of both 
R&D and fellowships has been associated with es- 
sentially level production of Ph.D.s (figure 3-10).^* 

However, these degree patterns— as depicted by 
the figures below— have not been uniform. They 
vary substantially from field to field, and by sex. 
Also notable is the new role in American graduate 
programs of foreign citizens. The following are some 
broad trends: 



• Graduate physics enrollments are rising, but the 
increase is due solely to foreign citizens (who 
constitute one-third). Physlcf/Attrofwrny Ph.D.s 

Most physics Ph.D.s i.8oq77; 
go on to postdoctoral 
appointments and stay 
in universities. Women 
earn only about 7 

percent of physics 1060 1986 
doctorates; foreign nationals earn over three 
times as many. 
^ There is an active industrial market for chemis- 
try Ph.D.s, and chemists are relatively mobile 
(with as many as one- ^ ^ 

third of their number 2.5o q-.- • • 
employed in other 
fields). About 25 per- 
cent of chemistry 
Ph.D.s are awarded 
to foreign nationals, 
and 20 perce. t to women 
Ph.D. production in earth and environmental 
sciences has been stable curing the last decade. 



1960 



1d86 



following a rapid rise in the 1960s, with geo- 



*^'Thcsc data and those discussed below are detailed in Office of Tech- 
nology Assessment, op. cit., footno^^e 6. 
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Figure 3-9.— Full-Tlme Science/Engineering Graduate Students With Federal Support 
in Ph.D. Granting institutions, by Fieid, 1966 86 




1966 1968 1970 1972 1974 
-O- UfeScI A Engineering Mathematics 



1976 1978 



1980 



1982 



1984 1986 



Physical Scl 



Psychology Soda! Sd 



SOURCE National Science Foundation, Science Resources Studlet , Academic Science/Engineering. Graduato Enrollment and Support. 



logical science supply- E^^th Scltncfs Ph . D . $ 

ing more than half the soof 
total. Recent enroll- 
ments are down. Wo- 
men earn 20 percent 
of Ph.D.s awarded, 
and 20 percent go to 
foreign nationals. 
Most Ph.D. mathematicians are employed in 
universities. Ph.D. awards have dropped by 
more than half during the last 15 years, and 




I960 



1986 



Mathematics Ph.D.s 



about one-third go 
to foreign nationals ^4ocx 
(who, with natural- 
ized citizens '\nd for- 
eign permanent resi- 
dents, form about 15 

percent of the Ph.D. -^qqq -^qqq 
mathematics work force). Forty percent of 
mathematics baccalau'-eates are awarded to 
women, but only 15 percent of the Ph.D.s. 
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Figure 3-10.— Full-Time Science/Engineering 
Graduate Students With Federal Support in 
Pti.D.-Granting Institutions, 1966-86 
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SOURCE: National Science Foundation, Science Resources Studies, /Icacfem/c 
Sclence/Bnglneeri Graduate EnroUment and Support* 



Computer science has been the fastest growing 
field of science at all degree levels. Competition 
for computer science Ph.D.s is keen. Foreign 
citizens receive one- ConiputT Sd#nc# Ph.D.s 



third of the doctorates ^ 
(and form one-third of 
computer science fac- 
ulties). Women earn 
10 percent of the doc- 
torates. 1986 
There is a strong industrial market for doc- 
torates in the biologi- Bblo^al Sciwww Ph.D.s 
cal sciences. Ph.D. 4.50or 
production has been 
stable for the last 10 
years, after a decade 
of increases. Women 
earn one-third of the 
Ph.D.s awarded. 
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1966 



medical sciences has 
increased by 50 per- 
cent in the last dec- 
ade. Most are earned 
by women; foreign 
citizens account for 
about 13 percent, 
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• Ph,D.s in agricultural sciences have been gp-^w- 
ing slightly in the last Aqri cUtura lSO»nc»tPh.D.t 

15 years. Foreign cit- i.400f 
izens have received 
about one-third of 
the Ph.D.s awarded 
since 1975, but the 
vast majority return 
to their native 
countries. 

• Numbers of Ph.D.s in psychology have grown 
in the last decade, as the numbers of doctorates 
awarded in other so- Psychdoqy Ph.D.s 
cial and behavioral 3.500[^i 
science fields have de- 
clined. Enrollments 
in psychology Ph.D. 
programs, however, 
now favor clinical 1986 
speci [ties over research and experimental spe- 
cialties. Women earn more than half of Ph.D.s. 



Attrition in graduate school represents a loss of 
talent to the research work force. As many as half 
of those who enroll in doctoral programs in science 
and engineering fail to graduate. Despite the rigor- 
ous selection of these students by schools, under- 
graduate programs, the results of Graduate Record 
Examinations (ORE), and the availability of finan- 
cial resources, they are still vulnerable. Reducing 
their vulnerability would be an easy way to increase 
the size of the research work force. Increasing the 
number of fellowships awarded, for example, is a 
proven method of increasing retention (discussed 
below). There are large field variations, however, 
and, since it takes science students an average of 
7 to 8 years to receive these degrees, some attrition 
is inevitable. There is no consensus on \ ut the 
"natural" rate of attrition should be and how Ph.D. 
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Photo credit: Daniel S. Brody, University of Wisconsin, tnd 
The Chronicle of Higher Education 



Attrition of graduate stjdents, already a carefully 
selected and able group, Is a serious loss of talent to 
The research work force; only about half of those who 
enroll as graduate students In science and engineering 
eventually graduate with doctorates. Females are 
especially likely to leave graduate school before 
graduation. For many students, graduate study is low* 
paying, lonely, and ali*encompasslng labor; and few 
universities have retention programs to help students 
through these years. 

dropouts in particular reflect on the quality of the 
existing research work force/^ 

The Research Universities 

The major research universities educate the ma- 
jority of the Nation's science and engineering 
Ph.D.s. These universities number about 100 (out 
of 330 universities granting Ph.D.s in science). These 
100 also win the lion's share of Federal R&D funds; 



^^Attrition Is not a popular topic for study, but sec Penelope Jacks 
ct al., *Thc ABCs of ABDs. A Study of InLumplctc Dotturatc^," Im- 
proving College and Untverstty TcdJung, vol. 31, No. 2, spring 1983, 
pp. 74-81, Ellen M. Bcnkin, University of California at Los AnRelo, 
"Where Have All ihc Doctoral Students Gont.' A Study of Di^toral 
Student Attrition at UCLA,'' unpublished doctoral dissertation, 1984. 



collectively they receive 82 percent of Federal 
academic science and engineering funds and enroll 
three-quarters of the full-time graduate students.^' 

Except for a cluster of midwestern (mainly pub- 
lic) institutions, most of the research universities are 
privately controlled and concentrated on the At- 
lantic and Pacific coasts. Although their competi- 
tive advantage derives from the quality of their basic 
research, they are often enlisted in Federal research 
programs aimed at solving social, military, or mar- 
ket problems (such as energy programs in the 1970s), 
and in industry-funded applied research programs 
in, for example, materials and nvicroelectronics. 

In the 1980s, a changing balance beUveen the com- 
peting forces that influence and fund the research 
universities has challenged graduate education. De- 
spite the Federal Governmen 's vigorous commit- 
ment to maintaining basic research funding, the 
amount of Federal funds offered to the research 
universities has been declining in real terms, and 
an increasing fraction has been allocated to mili- 
tary projects.^ Simultaneously, links with industry 
have flourished and signs of a reorientation toward 
applied research are apparent. That reorientation 
has been encouraged by some States, which have 
seized on science and technology as drivers of their 
local economies and devised programs to involve 
institutions of higher education directly in economic 
development.^^ Figure 3-11 shows the sources of 
funding on which U.S. universities and colleges de- 
pend. At the same time, many university adminis- 
trators are finding that science and engineering are 
victims of their own success; their accomplishments 
foster the need for ever more cosdy scientific equip- 
ment essential for continued exploration of the nat- 
ural and human worlds. 



^'^U^S. General Accounting Office, University Research Funding: 
Patterns of Distribution of Federal P.esearch Funds to Untversitier-, 
KCEDSl^tlbK (Washington, DC. U.S. Government Printing Office, 
February 1987). 

^National Science Board, op. cit., footnote 4, ch. 2; Susan L. Sauer 
(ed.), K&D in FY 1933: R6iD Policies, Budg^tts, and Economic Com* 
pctitivepess (Washington, DC: Amevican Association for the Advance* 
ment of Science, 1987), pp. 1 1»27. 

^^Statc and regional Lommissuns on science and technology, cham 
ptoned in the late 1970s and early 1980s by N'urth Carolina and New 
Jersey, arc bcLomin^i visible resource brokers. OutLomes of these 
iiiiivcrsity industry government partnerships— jobs, technology transfer, 
jnd iHcentues for further cooperation remain to be assessed. 
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Figure 3-11.*-H!gher Education Revenue Sources, 
1986 
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SOURCE. U.S. Oopanmont ot Education. Contor (or Educalton Statistics. Finan* 
clal Statistics of Institutions of Hlghor Education/' and unpublished 
data. 

Graduate Education in Transition 

Students enroll in graduate programs in science 
for many reasons; foremost among them is interest 
in research careers. The attractiveness of a research 
career is strongly influenced by the health of the 
research universities' research enterprise. That 
health is not as robust as it could be. Fortified dur 
ing the 1950s and 1960s by an increasingly rich diet 
of Federal funds, university research now makes do 
with a sparser diet of more focused Federal fund- 
ing. The university basic research and graduate 
training system can be characterized as in transi- 
tion to a "steady state" of Federal funding, offset 
in part by increased industrial funding. For nearly 
two decades, the research enterprise has been ad- 
justing in this way to a smaller Federal role iu R&D 
support.^ 



Symptoms of this transition nre readily apparent 
The professoriate is aging. Competition for Federal 
research funds causes an overemphasis on proposal 
writing and a dearth of proposal awards, constrained 
career opportunities for those not on the tenure 
track, and a consequent growing cadre of soft' 
monied "academic marginals" and permanent post* 
doctoral appointees.**^ Still, there is a growing short- 
age of faculty in some science fields. Retirements are 
expected to rise; one-third of the professoriate will 
be replaced in the next 15 years.^ The current ten- 
ure glut that has forced ur :versities to cieate non 
tenure-track positions may be relieved somewhat by 
these retirements.^ But universities may not again 
allow the ranks of permanent faculty to swell, as 
they did in the golden era of the 1960s, by filling 
vacated positions with new full-time tenured and 
tenurable faculty. A du?! career ladder may develop 
in which the traditional professoriate^ combining 
scholarship and teaching, is augmented by new po- 
sitions giving the academic work force elasticity in 



^David A. Hamburg, Carncgtc Foundation, testimony before the 
U.S. Congress, House Committee on Science and Technology , Ta&k 



Force on Science Policy, July 9, 1985, pp. 2900. A fuller discussion 
IS contained in Phillips and Shcn, op. cit., foo note 59, and U.S. Con- 
gress. Office of Tcchnolocv Assessment, Hig}\ct EJu^,niot\ (ot Sc/c/kc 
.i/iJ Eupuccrtng-A T<\hnn..iJ Mcmurandunit furthcoming, iumm'^rr 
1988. For a similar perspective on British science, sec John 2imcn,Sc/- 
cnce in a *'Stcady State**: The Research System in Transition (Lon* 
don: Science Policy Support Group, December 1987). 

*^^Analysis of this transition is based in part on Edvs'ard J. Hackett, 
^'Science in the Steady State. The Changing Research cJnivcrsity,** OTA 
contractor report, September 1987. Also see Hiirvcy Brooks, ' What 
Is the N.itional Agenda for Science, and How Did It Come AlwutT' 
Ameri*.3n Suentistt vol. 75, No. 5, September-October 19?/, pp. 511- 
517. 

'^Irving R. Buchcn, "Faculty for the Future: Universities Have a 
Rare Opportunity," Thr Futurist, vol 21, No. 6, November-December 
1987, p, 22, H.R. Dowcn and J.H. .Shuster, Amcr^dn Professors, A 
National Resource Imperiled (New York, NY. Oxford I 'niversity Press, 
1986). 

**rheclir mation in 1994 of the Federal mandatory ret:rcment age 
of 70, ho\v>ver, is unlikely to create a glut of "graying" professors. The 
age distribution of facuhy \ aries by discipline (computer science faculty 
are comparatively young, physics faculty old) and spotty data cloud 
th** national picture. HistoricalK faculty retirements have not been 
influenced by the mandatory retirement age. Inducements to early retire* 
ment, especially benefits offered, are more effective. So planning at the 
institutional level (and by professional societies— the American Insti' 
tute of Physics has been studying the issue for over a year) ts essential 
to foresee possible shortages. Sec Carolyn J. Mooney, "Expected End 
of Mandatory Retirement in 1990s Unlikely to Cause Glut of Profes- 
sors, Study Finds," T/ic Chronicle of Higher Education t vol. 34, No. 
16, Dec. 16, 1987, pp. Al, ll;Samuel E. Kellams andjay LQuonister. 
"Lfc After Early Retirement. Faculty Activ.ues and Perceptions," Centc. 
for the Study of Higher Education, University of Virginia, January 1988. 
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response to shifts in Federal anJ industrial research 
priorities.'^ 

The increasing emphasis on industrial and applied 
research is also apparent in the rise of research 
centers, as a complement to project-based funding, 
and emphasis on team and interdisciplinary re- 
search. New pressures for accountability in scien- 
tific research are increasing the paperworl; burden 
on the applicants for and recipients of individual 
investigator awards in universities, without neces- 
sarily leading to any measurably better outcomes/* 
OTA concludes that the attractiveness of an aca- 
demic research career is considerably reduced 
from its peak of two decades ago, due largely to 
the adjustment to steady-state conditions. The 
character of the university research enterprise is 
changing, with basic research and scholarship giv- 
ing way in part to more industrially focused re- 
search and a more directed Federal role.'^ 

Whether as a cause or consequence of academia's 
diminished attractiveness, increasing numbers of 
new Ph.D.s in science are entering industry. This 
change in the market for Ph.D.s is reflected in the 
content ana orientation of students' graduate school 
experiences, which are becoming more industry- 
oriented in some fields."^ 



"^csc ''academic marginals" arc typn-ally appointed to "anfai.ultv" 
posts affiliated witli research centers and institutes on ca:npus. This 
is elaborated in Office of Technology Assessment, op. cit., foDtnote 
66, but see Albert H. Teich, "Resean.li Center5> and Non-Fai-ulty Re- 
searchers: A New Academic Role," in Thiliips and Shen (cd5>.), op. cit., 
footnote 59, pp. 9M08. 

^'For example, see Deborah Shapley and Rustum Roy, Lost af (he 
Frontier. U.S. Sacntc and TcLhaohgy Policy Adrtfc (Philadelphia PA. 
ISI Press, 1985), chs. 4 and 6. 

^^'in the 1980s, Congress has repeatedly signaled its support for res- 
tructuring the research system and breaking down the old barriers. 
The National Cooperative Research and Development Act of 1 W 
designed to facilitate joint research among firms in an industry* by offer- 
ing certain immunities to antitrust actions against such ef»^ ts under 
appropriate conditions. Congress has enthusiastically supported the 
National Science Foundation's Engineering Research Centers, Indus 
try/University Cooperative Research Centers, and Presidential Young 
Investi^. programs, each of which is intended to stimulate cooper 
atlve rcv rih between universities and industry. Similarly, the 
Stevenson yiler Technology Innovation Act of 1980, and its amend 
ments, the Federal Technology Transfer Act of 1986— ale ng with ^ev 
eral recent changes to the patent law— have been designed to stimu 
late cooperative industrial research ..." Christopher T. Hill, "A New 
Era for Strategic Aihaj. A Congressional Perspective," Engineer 
ing EJucau'on, vol. 78, Ko 4, January 1988, pp. 220-221. 

"Michael J. Cluck, "Industrial Support of University Training and 
Research: Implicatior s for Scientific Training in the 'Steaoy State*," 
OTA contractor report, Augu?*^ 1987, also see David Blumenthal et 
al„ "Industry Support of University Research in Biotei-lifjology. An 
Industry Perspective," Sc/cncc. vol. 231, June 13, 1986, pp. 1361-1366. 



The proportioii of U.S. citizens with natural sci- 
ence baccalaureates who earn Pb D.s— never very 
large— has declined in recenc years. The ratio of U.S. 
Ph.D.s produced in 1975 to baccalaureates produced 
in 1965 was I to 10; it is anticipated that about 5 
percent of the recipients of baccalaureate degrees in 
science in 1984 will ultimately earn a science or engi- 
neering Ph.D.'"* Popular explanations for American 
citizens not pursuing doctoral studies are the rime 
it takes to earn the doctorate, the reduction in sti- 
pend support and its replacement with less attrac- 
tive loans, and a poor labor market for Ph.D.s, par- 
ticularly in universities.'^ There is little immediate 
pi obpect for change in these conditions. If these con- 
ditions do not change, enrollments of foreign citizens 
are likely to increase (if graduate schools maintain 
their current • and range of research programs). 

Foreign citu<:ns are increasingly important to 
American graduate schools. They are indispensa- 
ble in some fields of science, as both students and 
faculty They fill graduate student places that U.S. 
citize is are reluctant to fill, they teach undergradu- 
ates as teaching assistants, and they keep univer- 
sity research alive as research assistanto. While for- 
eign students are required by the Immigration and 
Naturalization Service to demonstrate that they will 
be funded for at least I year of study, once enrolled 
in gradual ! schools they can seek and be awarded 
many fellowships and assistants hips in the same way 
as citizens. Thus, a significant proportion of Fed- 
eral funds for science and engineering research at 
universities is used to educate foreign along with 
U.S. citizens. Some argue that this funding should 
be halted, hv most believe that the United States 
gains in the long run from this flow of talent into 
the country.'^ Many of these students stay, acquire 
permanent visas, and contribute to the scientific vi- 



*Nation«\I Scicni.e Foundation, 77ie 6c/cncc and Engineering Pipe- 
hnc, TRA Report 87-2 (Washington, DC: April 1987), p. 

At least one commentator attributej> the indifference ot b.b. un- 
Jergraduiitc students m scieni-c and engineering to undertake giadu- 
ate study to being "uninformed and misinformed about this option." 
His solution, based on meetings with participants in a National Aer- 
onautics and Space Administratioi summer internship program, is 
"communication between individual and faculty members and their 
students." See Francis J. Montegant, "Why U.S. Scjenroand Engineer- 
ing Sti'dents Pass Up Gtuduate School- A Different View ," Engineering 
Edutnaony vol. 78, No. 4, January 1988, p. 257. 

For a discussion of the economic benefits to U.S. society irom for- 
eign students, see Donald R. Winkler, "The Cost^ -:.d Benefits of For- 
eign Students in United States Higher Educ.ition,' Journal ot Pubht 
Policy, vol. 4, No. 2, 19J4. pn. 115-138. 
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tality of the Nation. The rest return home with 
skills, knowledge, and increased cultural awarenebs. 
Providing graduate education to foreign students is 
becoming a major export activity of the United 
States* with tuition and board payments frcm a'^road 



estimated h) bomc at $2 billion annually u all dis- 
Liplines, abuut the Mze of the NSF budget." 



Ehnor O. Barhcr (cd.). Foreign SutJcnt /'Ani^. Research Report 
N\». 7 tNVu York. NY In>titutc tor Inrcrnarional t Juration. h^S^K 



FUNDING OF STUDENTS AND INSTITUTIONS: 
A TOOL OF FEDERAL POLICY 



The Federal Government has a variety of influ- 
ences, both direct and indirect, on science and engi- 
neering education at the undergraduate and grad- 
uate levels. Among the direct influences, some, such 
as basic research spending in universities, are spe- 
cific to science and engineering. Others, such as sup- 
port of students and institutions through student 
loans, infrastructure grants, i^nd other exercises of 
general Federal stewardship over education and re- 
search, have broader application (see figure 3-12). 

Indirect influences include tax policies, which af- 
fect the nonprofit sta.js of private insdtutions of 
higher education and the tax treatment of personal 
expenditures on education: the nilitary draft and 



die G.I. bill, la\vs that prohibit dibLrimination, such 
as Title \'I of the Civil Rights Act of 1964 and Ti- 
tle IX of the Education Amendments of 1972; and 
economic policies. 

A vital source of indirect Federal influence is the 
mounting of R&D programs, which can boost the 
output of scientists and engineers by providing re- 
search jobs in government, industry, and academic 
institutions. (In academic institutions, they also pro- 
vide student support in the form of research as- 
sistantships,) Programs that are large and sustained 
attract people into undergraduate and graduate 
studies in rele\ ant fields, thus also creating demand 
f^^ faculty. Often, such programs are accompanied 



Figure 3-12.— Federal Obligations to Universities and Colleges by Type of Activity, 1963-86 
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Phoio credir Naiionci Insniuies of Health 



Major Federal R&D programs, such as the War on 
Cancer in the 1970s, have had the indirect eftecl of 
increasing the number of research scientists and 
engineers These programs work in two ways, they fund 
researcn assistantships in graduate school and 
increase the attractiveness of scientific research as 
a career option. 

by fellowships and other assistance »ntended to en- 
courage students to enter relev ant fields. The Na- 
tional Defense Education Act of 1958 (spurred by 
Sputnik), the Apollo Program of the 1960s, and the 
War on Cancer launched in 1971 provide ample evi- 
dence of rhe Federal power to mobilize research 
talent/'' 

Federal influence vanes* greatly I y field. In scien* 
tific fields that involve mainly academic or basic re- 
search, the career outiook for students depends 
heavily on Federal research programs that dominate 
universities' research agendas and thoi>e of many 
duftries. 

Thus, Federal F D programs affect g'-aduate sci 
ence and engineer! education m four major ways. 
First, by setting the .national research agenda and 
establishing the demand for science and engineer 
ing, they influence students* choices of fields and 



V\n analvMs h<n\ unnersino^ rc^j\)nJeJ to the need tor m»)rc 
scientist .mJ engineers to ^upjy^ft tite N\uion.il Aeronautu s .tnJ Sp.Kc 
AJinum^'tr.uion jind the .lerosp.uc inJu^trv Junni^titt. ApolK) um, .iiiJ 
the effects of ensuing cutbacks in the 1')7l\, appear^ m AriK 'J S U 
vine, *Th<r Apollo Program; Scic-itce/ Engineering Porsonno! Demand 
Created hy a Fedora! Research MisMOii," OTA tontrattt^r report, He 
cember Also se^'W. Henrv Lambright, Laumbina W'\SA*^ Sih- 
{aimngUiuver^tn /Vo^'uni, Limited Advanu Edinun dnter Uiuvcrsuv 
Ca>e Program, hi*.,, 1%^), Kenneth L. Studtr and Oarvl L Chuh.ii, 
The Ol/KCf SU\^IOn. SyKUlI ConfcAfs otBlOlUk\Iiy.J /us«.jfJi Jk> ilv 

Hills, CA, Sage Publkations, DSC), esp d\ ^ 



careers in response to the job markctb. Second, Fed- 
eral funds for the infrastructure of research and edu- 
cation, including institutions, facilities, equipment, 
faculty, and technicians, maintain the environment 
for instruction. Third, Federal lesearch grants and 
contracts support science and engineering graduate 
students (and a few undergraduates) with research 
assistantships. Fmallv, student fellowships and 
traineel^hips are awarded on the basis of merit 
direcdy to U.S. students by Federal agencies. 

Federal programs for undergraduate and gradu- 
ate education in science and engineering have be<^n 
mounted by the U.S. Department of Education, 
NSF, and many other agenc'es. The scope of these 
programs and their variety is so vast that it is im- 
possible tu c\aluatc their independent effects or even 
their overall objectives. Two patterns can be dis- 
cerned, however, in recent Federal policies: direct 
funding of indiv 'dual students to improve access to 
undergraduate education, and merit-based support 
to attract graduate students in science and engi- 
neering. 

Federal influence on Undergraduate 
Education 

Since science and engineering baccalaureates have 
maintained a remarkably constant share of total bac- 
calaureates, it is reasonable to conclude that any 
Federal program that alters the size of undergradu- 
jcc enrollments will have a corresponding impact 
on enrollments in science and engineering majors. 
T'lis proporr.onal pattern is conspicuous through- 
out the past 30 years, through enrollment boosts 
resulting fiom the G.I. bill and the growing partiri- 
})acion of larger numbers of women and minority 
members. This is p<!rhaps the clearest pattern visi- 
ble in all of higher education. However, Ph.D. 
aw ards show no clear relation to B.S. awards in sci- 
ence and engineering; graduate enrollments respond 
instead to fellowship funding and employment 
trends in research. 

A detailed analysis of F ^eral influence or higher 
education ' reveals that tne vscale of R&JD spend- 

\ettti and HLrt:;rLld, op cit , iuotnott V AUo set L nvren^e E. 
(iladicuv. and CnxtuJ >Kn L Uxw^, T/k FcLkml OinanmciU <i/k/ 
fli^lur LJiuMton rr,iJitun.^, Trt/jJ^, >faA<.s, jnJ I^-^uc^ (Washing- 
tun, DC The \V ashmKton Olti^e uf the College lioard, Cauber IW). 
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ing, of which the Federal Government Lontributcb 
about half, has been a major determinant of the sup- 
ply of scientists and engineers. OTA concludes that 
legislation increasing opportunity to p irsuc higher 
education he had important positi\ e effects on the 
production of baccalaureate scientists and engineers. 

Except for tax-based funds provided to State col- 
leges and universities, the working assumption made 
in the American system of higher education is that 
students and their families should pay for it. Sup- 
port is available to the economically disadvantaged 
from the Federal Government and from manv edu- 
cational institutions themselves. The Federal Gov- 
ernment also provides student loans, v\hich are 
important in helping retain students through un- 
dergraduate education.^^ For the nontraditional 
student— older, socially or economically disadvan- 
taged, female, minority, or physically handicapped 
—loans can make the difference between access to 
higher degrees and blunted ^areer aspirations, since 
the opportunity costs of higher education for these 
students are greater. Blacks are more sensitive to 
loan biadens than whites; they are alsoslighdy more 
likeiy to drop out of the science and engineering tal- 
ent pool under the influences of mounting debt and 
alternative job opportunities.^' Kirschner and 
Thrift note: 

Often, students must assume uubt larger than 
theii families' annual income to pa> college ex- 
penses. Understaudably, some students see debt as 
an unacceptable risk» limiting their options tor edu- 
cation.^^ 

Support for undergraduate science students differs 
little from support for undergraduate students as a 
whole. Students are more likely to stay m school 
if they receive substantial grants or scholarships. 



^'Artl ur M tlauptnun anJ CharLs J. AnJ ..lh, "B.ukgrwunJ Pa 
ptr on American Higlicr EJutation. Report lo the CMUirru.AAiou ^ii 
National Challenges in Higher EJuvation," Dct. 16, 1 ?br, p. 3. 

""'Julia Hcalh an J HowarJ P. Tuekmaii, "The Cffeetv> of Tuition 
Level and Fi'naneial Aiu on the Demand for the Advaaeed Terminal 
Degic* ,** Eeononiie* ofEJin^atton Review , vol. 0, No. 3, suii 'er 1987, 
pp 227 238 Miehael T Nettles, Finanei.i/.\i J .wiJA/i/i .y PdrtKi 
pddon in CraJudi*, nj\jK,.itioii, Researvh Report of the Minority Crad 
uate Edueation Project (>Xaj.hingt jn, DC. Graduate Reeord Exami 
nat^oiid Board and Edue.uional Telling Serviec, 1987), pp. Jo. 

Alan H Kirsehner a id Julianne Sull Thrift, iUeCi.s to College, 
77jc' ImpdU ofFcJvrdl finaocia/ AidPokiCi> af fnvafc HiUorKdlly B/acA 
CollcgCi> (Washington, DC. Tnited N»gro College Bind and Naiional 
Institum of Independent Colleges and Universities, 1987), p. 29. 



Thobe who receive grants tot amg more than half 
of tuition are Icbb likely to d op out than tho^e who 
receive no grants, Pell grants, or bome grants.''^ 
Loanb are growing m importance ab a proportion 
of undergraduate student support. Federally bwy 
ported loan programs grew dramacie. /ly through tiie 
IQTOs and early 1980s, twi«. as rapidly ao overall 
Federal student aid.^ 

The National Science Foundation hab long been 
a bmall bource of bupport for undergraduate science 
and engineering students. Through the 1960s and 
early 1970s, NSF spent about $30 million per year 
($100 million m 1985 dollars) on undergraduate sci' 
ence education. Funding peaked m 1965 and de^ 
clined until very recently.^' 

NSF support has been concentrated in 4'year col- 
leges without extensive Federal funding or research 
facilities, where it is intended to provide undergradu- 
ate research opportunities. NSF has always prefeired 
funding a few good students, rather than the mass 
of science and engineering undergraduates.^ NSF 



"'Undergraduate science students have about the same average stu* 
dent loan Io«»J a^ other undergraduates. Engineering students earry 
slightly higher debt loads, prob.iblv m antieipation of higher earnings. 
Scienee and engij -ring students tend to receive slightly more campus- 
ba«ed aid than average, owing to their higher than average academic 
ability rathei than to their choice of majors. Applied Systems Inc., op. 
c'*^ , footnote 20. Also see \^ianpowcr ComtnsntSf June 1987, p. 30. 

'"The College Board, TrcnJb tn Student Aid. 1930 to 19S7 ^Wash- 
ingtori, DC. The V/. >hington Offiee of the College Board, November 
1987). Taken together, all form of Federal financial aid cover about 
half the co5ts incurred by students m private college^* and over 60 per- 
cent of the costs for students attending private historically Black col- 
Ie,>*s. Kirschnef and Thrift, op. cit., footnote 82, p. 22. 

'Laurie Garduc^ue, "A Look at NSF*s Educational Research Bud- 
get," £Jueanona/ Ke^cart/icr, June-July I98i, pp. 18-19, 23. 

^National Seienee Board, Task Committee on Undergraduate Sei- 
ence and Engineering Education, NSB 86^100, Undergraduate Sc/cnce, 
Mathematics end Engineering Education (Washington, DC: National 
Scenee Found,.non, 1986), known a.» the NeaJ Report. This report iden- 
tified three areas of undergraduate science and engineering education 
needing particular attention: equipping laboratories and making lab- 
oratory instruetion an important and vibran. part of undergraduate 
edueation, upgrading ■ le vjualifieations of faeulty, and improving eourscs 
and eurrieula. The National Seienee Board estima*^ed that of the $42 
million ^pent ot undergraduate edueation in the United States, about 
halt goes to seieriee ar J engi.neeririj?. The Task Committee recom- 
mended that the National Seienee Foundation spend an additional 
51 00 million eaeh year on laboratory instri'*.tton, faeulty enhancement, 
eurrieulum development, research participation, instructional equip- 
ment, and minorit> institutions. These funds could be highly lever- 
.iged through matching ruqu'rcments as well as by 'setting examples' 
for ur.iversities. States, and industry to follow. The Task Committee 
aIi»o recommended that N<)tional Science Foundation, mis^xon .igency, 
<iiid othc research sponsors find new vvay^ to involve undergraduates 
and undergraduate faculty m research. 
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could expand its focus on undergraduate science 
education through its new Office of Undergradu- 
ate Science, Engineering, and Mathematics Educa- 
tion in the Science and Engineering Education 
Directorate. This office coordinates curriculum de- 
velopment, facultv training, and instruLtional equip 
ment efforts.^' 



^'Homcr A. Neal, State University of NVw York, Stony Brook, tes- 
timony before U.S. Congress, House Committee on Science, Space, 
and 

ogy. Feb. 19, 1987, pp. 20-41. 



Support of Doctoral Students: 
'^Buying" Ph.D.s 

Federal policy at the undergraduate level has his- 
to'-ically been concerned mainly with ensuring ac- 
cess to educational opportunity. At the graduate 
level, Federal policy focuses on promoting profes- 
sional training of a small pool of talented students 
who will form the core of the future research work 
force. Historical data show that doctoral level sci- 
ence and engineering benefit from the Government's 
general support for higher education and R&X) (see 



Figure 3-13.— National and Federal R&D Spending, Science/Engineering Ph.D.s, 
and Federal Fellowships, 1960-86 (constant 1982 dollars) 
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sities, Colleges, and Selected Nonprofit lnstitutioni& Ph.D data from Betty M Vettei and Henry Hertzteld, OTA contractor report, 1987, based on data from 
us. Department of Education, Center for Education Statistics, 
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figure 3-13).^ In each discipline, the attractiveness 
of a doctoral program in science and engineering 
has been strongly influenced both by the availabil- 
ity of fellowship and assistantship funding and by 
the overall outlook for research funding, which 
shapes the attractiveness of a career in research. 
OTA also found that the size of the debt incurred 
during undergraduate education does not ^ect 
majority students' graduate study decisions, but may 
act as a deterrent for prospective minority students.^ 

Up to the graduate level. Federal support of stu- 
dents and universities has dififiise impacts, since most 
is awarded without regard to academic field. Fed- 
eral support of science and engineering graduate stu- 
dents, however, has increased since World War II, 
with periods of rapid expansion, slow growth, and 
decline.^ Between World War II and the Sputnik- 
Apollo era, the Federal Government played a mi- 
nor role in direct support of graduate students; in 
1954, only 10 percent of science and engineering 
graduate students received Federal assistance. Af- 
ter passage of the National Defense Education Act, 
Federal supp'^rt boomed. It peaked in 1967 ./hen 
42 percent ot ^nese students received some form of 
direct Federal assistance (4? percent in the natural 
sciences, 32 percent in the social sciences, and 45 
percent in engineering). Through the late 1970.s into 
the 1980s, the number of students federally sup- 
ported declined, while support from other sources 
gre ' (see figure 3-14). In 1985, the Federal Govern- 
ment was the major source of support for 20 per- 
cent of full-time science and engineering students 
(26 percent in the natural sciences, 8 percent in the 
social sciences, and 20 percent m engineering)."^^ 

The pattern of Federal support continues to shift, 
with the number of fellowships and traineeships 



^Arthur M. Hauptman, Students m Gracuate and Professional 
Edui.atton. What \Vc and WeJ to Know ^Washington, DC. 

Association of American Universities, 1986). 

*^Janet S. Hansen, Student Loans: Are They Overhurdt.'iing A 
Generation? [ Washington, DC: The Washington Office of The Col- 
lege Board, December 1986). 

^Vetter and Hertzfeld, op. cit., footiioto 3. 

^'Over one-third of science and engineering graduate students attend 
part time. They are more likely to be pursuing a master's degree and 
far less likely to receive Federal aid (except loans). See National Sci- 
ence Foundation, Ai.ademiL SJeriLC 'Engineering. Graduate Enrollment 
andSup,}ort, ['all 19S5 (Washington. DC. 1987). Data refer to full 
tine grtiduate studenv:^ *.v doctorate-granting institutions. Federal sup 
port is concentrated in this core popjiation. 



Figure 3-14.— Major Sources of Support, 
Science/Engineering Graduate Students 
in Ph.D. Granting institutions, 1972-86 
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Science/Engineering Graduate EnroUment and Support. 



declining and research absistantships (RAs) and 
loans growing in importance. The system is bolstered 
strongly by institutional support and State funding, 
mostly funneled through public institutions. Insti- 
tutions and States support about 41 percent of grad- 
uate students, largely through teaching assistantships 
(TAs). Self-support iias grown since the early 1970s; 
in 1985 about 30 percent of full-time students re- 
lied solely on their own funds. The attractiveness 
uf doctoral studies varies with perceptions of afford- 
ability and of available support; ouce in graduatf" 
school, women and minorities are more likely to be 
self-supported.^^ 

Federal fellowships are awarded to the '*best" stu- 
dents, as defined by undergraduate accomplishments 
and GRE test scores, regardless of the institutions 
they attend. Ho ♦/ever, these students (about 16 per- 
cent of all graduate students) concentrate in the ma- 
jor research universities. Fellowship recipients earn 
their degrees faster and are more lik<rly to join the 
science and engineering work force than those with- 



Hansen, op. nt., footnote 89. Women, for example, are more likely 
than men to support themselves as graduate students. This is due only 
in part to women s choice of fields, such as social sciences, where less 
external support i< available. 
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out such support. Women fare worse than men 
or foreign students on temporary visas when it 
comes to obtaining fellowships; this panern is be- 
lieved to be an important factor in the attrition of 
women in graduate school.*^ Federal fellowships, 
awarded to those identified as prepared for and 
committed to research careers, have been an ef- 
fective way of "buying" new Ph.D.G. 

Federal research assistantships are tied to faculty 
grants. RAs support more than 70 percent of grad- 
uate students, providing valuable apprenticeship ex- 



"^'National Academy of Sciences, Committee on a Study for Na- 
tional Needs of Biomedical and Behavioral Reseau'h Personnel, Per- 
5onnc/ Needs and Training for Biomedical and Behavioral Research 
(Washington, DC. 1981), pp. 7 10, 74-76. Prestigious postgraduate and 
faculty fellowships, such as the h^ational Science Foundation's Presiden- 
tial Young Investigator awards, continue this tradition of supporting, 
on a competitive and matchmg'fund basis, the very best talent. 

^Vetter and Hertzfeld, op. cit., lootnote 3. 



periences. Recent Federal policy has shifted away 
from fellowships toward RAs. This shift may have 
inadvertently increased the accessibility of gradu- 
ate study to foreign students, who are generally 
barred from receiving Federal fellowships. TAs (held 
by about 20 percent of graduate students) also sup' 
port students in exchange for service to institutions. 
Almost half of graduate students are at least partly 
self-supporting, generally with loans. 

In sum, a variety of Federal programs, not all in- 
tended to serve educational purposes, afreet the grad- 
uate environment, and thus indirectly affect the sup- 
ply and demand of scientists and engineers. 
Immigration laws, R&D tax credits, defense procure- 
ment, the taxing of student stipends, legislation to 
upgrade campus research facilities, and programs of 
curriculum, faculty, and center development, among 
other factors, can all affect the quantity and qual- 
ity of the future science ano engineering work force. 
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INTRODUCTION 



American schools, colleges, and universities have 
the capacity to provide enough scientists and engi- 
neers to meet the Nation's needs. Student? and in- 
stitutions can meet changing market needs, as evi- 
denced by the response of engineering enrollments 
to the semiconductor industry bcom in the late 
1970s. However, many researchers, employers, and 
policymakers are concerned that future suppl/ will 
be inadequate. In the early 1990s, the Nation will 
experience a decline in the number of college-age 
students (although some increase can be expected 
before the turn of the century). More important, 
fewer students, particularly those white males who 
have been the mainstay of science and engineering, 
seem to be interested in science and engineering 
careers. Women's interest in science and engineer- 
ing, after rising for a long time, seems to »iave 
plateaued. Non-Asian minorities, traditionally poorly 
represented in science and engineering, will form 
a steadily increasing proportion of America's school- 
children. 

Two major trends are challenging the traditional 
educational route to a science or engineering career. 
First, the rising importance of minorities in the pop- 
ulation will lead educators and employers to reach 
out to more diverse populations. Second, the end 
of expansion and the subsequent transition to a 
steady state of enrollments and research funding will 
require universities, employers, and the Federal Gov- 
ernment to adjust their models and mechanisms of 
science and engineering recruitment. 

Despite these trends, shortages of scientists and 
engineers are not inevitable. Generally, the labor 
market adjusts, albeit with transitory and sometimes 
costly shortages and surpluses. Rather than trying 
to direct market responses, policymakers should seek 
to prepare a cadre of versatile scientists and engi- 
neers for research and teaching careers, invest in 
an educational system that creates a reservoir of flex- 
ible talent for the work force, and ensure opportu- 
nities for the participation of all groups in science 
and engineering. 



The Policy Setting: Federal Roles 

The Federal Government has historically had 
both direct and indirect effects on the education of 
scientists and engineers (see table 4-1), but it is only 
one of many actors in the system. The Federal role 
in science and engineering education is most signif- 
icant at the graduate level, more diffuse at the un- 
dergraduate level, and small In elementary and sec- 
ondary education. 

Federal investment in science education and train- 
ing is undertaken for many reasons; there is no single 
objective or mission* One class of investments is in 
direct support of graduate students and production 
capacity at blue-chip universities. Other investments 
are made in newer, developing colleges and univer- 
sities with growth potential, and in undergraduate 
and precollege education. Due to the uncertainty 
of payoffs from investing in creativity and reasons 
of efficiency and equality of access and geographi- 
cal balance. Federal support is spread across differ- 
ent types of institutions and students.^ Both short- 
and long-term investments are necesr-iiry in a mar- 
ketplace where demographics, economics, and tech- 
nology constantly change the ' iteria for success in 
education for the v/ork force. 

The educational process from graJe school to 
graduate school is 20 years long. This means there 
are many possible Federal options for renewing the 
future supply of scientists and engineers. Ic is diffi- 
cult, however, to distinguish which option would 
have the greatest impact. At each level of the educa- 
tional system, there are many choices for action. Few 
measures guarantee predictable effects in the rela- 
tively short term; most are more speculative and 
longer term possibilities. Just as there are no immi- 



'The Federal Government can provide money, leverage power, and 
assist information and technology transfer. As a major investor in sci' 
ence and engineering education at all levels, it has more than local 
interests at heart and can be a catalyst. 
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Table 4*1.— Landmark Federal Legislation Affecting Science and Engineering Education 



1882 Morrill Act. Established land grant colleges, arid the precedent for Federal support of Institutions of higher education. 
1890 Second Morrill Act. Required States with dual systems of higher education to provide land grant Institutions for Blacks 

as well OS whites. Sixteen Black institutions were established as 1890 Land Grant colleges. 
1937 National Cancer Institute Act One of the first in a long line of health manpower/National Institutes of Health acts. 
1944 Serviceman's Readjustment Act (G.I. Bill). Provided extensive Federal support for large numbers of new undergraduate 

and graduate students. Not targeted to science and engineering, but by increasing the number of colkce students In* 

creased the output of scientists and engineers. Nearly 8 million World War It veterans enrolled; many chose science 

and engineering majors. 

1950 National ScSdnce Foundation Act Established the National Science Foundation and included suppoa of science edu* 
cation In the National Science Foundation's mission of supocrting basic science. Set the tone for graduate science 
and engineering education: merit ?nd geographical balance are the primary award criteria, with oversight of profes* 
slonat replenishment vested in the scientific community. 

1951 Selective Service Amendments of 1951. Created draft deferrals for college students and for scientists. Following 1967, 
Act made students more vulnerable to the draft, and fulRlme graduate enrollment dropped as male students took de* 
ferrable full*time jobs. 

1958 National Defense Education Act. Science and mathematics were major areas targeted for improvement through gener- 
ous funding for equipment, guidance, testing, teacher training, and educational research. Increased the role of the Of- 
fice of Education in science and engineering education. Authorized many graduate fellowships and undergraduate loans. 
The National Defense Education Act was expanded to most fields in 1964. 

1964 Civil Rights Act. Title IV set up technical advice structure for elementary and secondary schools to desegregrate on 
the .^asis of sex, race, oolor, religion, or national origin. Title VII prohibited sex discrimiration in employment (hiring, 
firing, pay, and working conditions). 

1965 Elementary and Secondary Education Act. Established massive Federal support for schools and materials, particularly 
for schools with nontraa!tional and disadvantaged students. No focus on particular curricular area. Directed Federal 
education policy and money to special under'served populations (low*income, handicapped). 

1965 Higher Education AcL First major Federal legislation for higher education not linked to a specific goal (e.g., national 
defense), but rather to promote equality of access, student freedom of choice, quality of education, and efficient use 
of human res<^uf'ces. Brought Federal money into higher education and expanded college enrollments. Supported con- 
tinuing and cooperative education, libraries, teacher training, facilities, and student financial aid. Title II Included a 
provision to support minority institutions. 

1967*8 Elementary and Secondary Education Amendments. Authorized support of regional centers for education of handicapped, 
particularly deaf and blind. Supported bilingual education progrvims. 

1972 Education Amendments. Consolidated higher education legislation prohibited se). discrimination in federally assisted 
education programs. Title IX prohibited sex bias in admission to vocational, professional, graduate, and public under- 
graduate institutions. 

1974 National Research Service Awards Act (National Institutes of Health). Shifted emphasis of the National Institutes of 
Health training from growth to renewal and quality in a constrained budget. Set out the principle of requiring students 
to return services in exchange for support (not enforced). Instituted manpower planning. Fellowships by law must con- 
stitute 15 percent cf the research training budget. 

1980 Science and Technology Equal Opportunities Act. Promoted the full development and use of the scientific talent and 
technical skills of men and women of all ethnic, racial, and economic backgrounds. Directed a biennial repd to assess 
opportunities and participation rates. 

1984 Education for Economic Security Act. Targeted mathematics, science, computor learning, and foreign languages. Un* 
der this Act, the Department of Education provides modest funding, mostly on a formula basis, for: teacher training, 
magnet schools (designed for desegregation, but some with science and mathematics emphasis), and for improving 
mathematics and science education. 

1986 National Science, Engineering, and Mathematics Authorization Act of 1986. Established a Task Force on Women, Mi* 
r.orities, and the Handicapped in Science and Technology in the Federal Government and in federally assisted research 
programs. 

SOURCE: OiUcQ of Technology Assessment. 1988. 



nent crisc in replenishing the science and engineer- 
ing work force, there are no quick fixes. 

The following discussion sets out policy areas for 
possible congressional action, presented under two 
strategies labeled "retention" and "recruitment,** 
along with two Federal management issues (see ta- 
ble 4-2). With' i each policy area, cptions are listed 
and described. The overarching policy issue is whether 



the Federal Government allows the market for sci- 
entists and engineers to take its course or intervenes 
more boldly. 

Two Strategies 

The two broad strategies of retention and recruit- 
ment complement each other, and would operate 
best in tandem. The retention strategy is designtd 
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Table 4-2.— Federal Policy Options To Improve Science and Engineering Education 

The following list summarizes the policy options discussed in this chapter, along with rough 
estimates of the current level of Federal spending in that area, as well as the number of stu- 
dents, teachers, or educational institutions affected. The estimates have been compiled from 
the reported budgets of major, separately budgeted Federal programs, as well as estimates 
of discretionary spending (usually small amounts in the mission agencies) based on contacts 
with agencies. Many departments and agency laboratories also run small outreach programs 
using employee volunteers and donating equipment; there is no way to estimate ti.i- value or 
impact of these prog.ams. In most areas a great deal of money is also spent by private organi- 
zations and individuals. 



Policy Option and Number of 
Students Affected 



Estimated 1988 Federal Spending 



Retention 



1. Support graduate training^ 

fellowships and traineeships 
postdoctorates 

2. Academic R^D spending/mission agencies 

graduate research assistantships^ 

3. Flow and retention of foreign students 

4. institutional support^ 

research colleges 
historically Black colleges 
and universities^ 
research universities 

5. HandS'On research exper'ance 

research apprenticeships 

cooperative education 

6. Targeted support for undergraduate 
science and engineering students 
(Pell grants, etc.) 



unknown 

52,000 students (20% of all graduate students) 
$250 million 

13,400 students (5% of a'l graduate students) 
$300 million to $400 million 
17,000 students (70% of all postdoctorates) 
$5.5 billion 
$500 million 
^33,000 students (12% of all graduate studenis) 

unknown 
unknown 

$6"^ million to $750 million 
unKnown 

$10 million to $12 million 
5,000*7,000 undergraduates 
$15 million 

175,000-200,000 students (2%) 
$4 billion to $5 billion 
4 million college students 



Recruitment 



1. Intervention programs 

science/engineering (all agencies) 
4H (U.S. Department ot Agriculture) 

2. Elementary and secondary teaching 

preservlce and inservice training 

encourage and reward teauhers 

3. Informal education 

TV, fairs, camps, demonstrations 
S&T centers 

4. Improve opportunities for women 

enforce Title IX 

special support and intervention 

5. Improve opportunities ic .-minorities 

enforce civil rights legislation 
special support and intervention 

6. Elementary and secondary education 

reproduce magnet schools 
science-Intensive schools and 

experiments 
adjust course-taking 
review tracking 
revise testing 



8,000-25,000 students 

5 million students 

$120 million to $180 million 

$110 million to $150 million 

10,000-250,000 teachers^ 

$1.2 million 

106 teachers 

$13 million to $20 million 
unknown 

$10 million, 150 science centers 

unknown 

unknown 

unknown 

unknown 

unknown 

unknown 

$75 million® 



table contlnuds 
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continued from p. 85 

Management of Federal Science and Engineering Education 

1. National Science Foundation as lead 

agency In science education 
SEE Directorate 

Research and related directorates 

2. Federal coordination and data collection 



$140 million 
$21V miilion 
$40 to $80 million^ 



NOTES: 

^National Science Foundation 1966 data. Includes fellowships, traineeships, research and teaching assistantships, and loans 
for full-time graduate students In doctorate-granting institutions. The number of students Includes only those graduate stu- 
dents whose malor source of support Is the Federal Government; thus, the number hero underestimates tho total number 
of graduate students receiving Federal support, though It reflects the allotment f^r Institutional allowances as well as stu- 
dent stipends. The vast majority of Federal support goes to full-time students. 

^Only those funds directly related to science and engineering instruction, facllllles, and capability. Includes general develop- 
ment funds and capital funds for major science and engineering-related equipment, facllitles,and librar^ss. Inctudes general 
support for historically Black colleges and universities (HBCUs) and Black land grant Institutions. Does not include R&D, 
student support, or support for Federally-Funded R&D Centers. 

^Only about 20 percent of this is directly related to science and englneerino, and most of that Is current Rf D support. Only 
about $35 million goes to science and engineering-related Institutional si in (faci:.lles. Institutional and departmental de- 
velopment, and general support). The rest Is legislatively mandated gene, i Federal support, mostly out of the Department 
of Education but also the National Institutes of Health and tho Department of Agriculture, for the approximately 100 histori- 
cally Black institutions. One Institution, Howard University, receives nearly one-third of Federal support for HBCUs. 

^Teacher training and enrichment programs are diverse. Some, liko the National Science Foundation and mission-agoncy spon- 
sored workshops, training institutes, and summer research experiences, invest significant time and money in each teacher, 
but reach only a few hundred teachf rs a year. Under Title 11 of the Education for ::conomIc Security Act, the Department 
of Education distributes money by !ormula for teacher training, and thus in principle reaches nearly all of the 1.5 million 
public school teachers (and some private school teachers), but Is so diluted by formula distribution that only a few dollars 
reach each schooi and teacher. 

^'jnder current criteria. Federal funding for magnet schools is given to those school districts under court orders to de. ')gre- 
gate. While it reaches only a small number of school districts (45-50), It reaches some very large ones (and thus a greater 
proportion of students) and many of those districts with continuing and siQnIflcant racial imbalances In the delivery of education 

'Non-Federal spending is about Si million to $8 million. 500-2,000 students. 

Oinciudes National Science Foundation spending on data collection (Science Resources Studies, S5 million) part of policy 
analysis (Policy Research and Analysis), and spending on oducaMon research (SIO million). The Department of Education's 
Office of Educational Research and Improvement has a total budgi)t of about $67 million, which Includes among other things 
funding for libraries, the ERIC database, f^alor surveys, and the National Center for Statistics. Although only a minlscuie 
portion of this Is targeted to science and mathematics education, overall data collection includes science and mathematics 
education. In addition, other mission agencies keep administrative records of their R&D and edi-catlon programs and spend 
small amounts on special research and data projects. Of special note are National Institutes of Health studies Including 
the Institute of Medicine's biennial personnel needs analysis, and the Department of Enorgy'i annual manpowb analysis. 



SOURCE: Office of Technology Assessment, 1966. 



to invigorate the Lurrent science and engineering 
work force by reducing attrition of undergraduate 
and graduate students. Such short-term retention 
programs could increase output of scientists and 
engineers within a few years. In contrast, recruit- 
ment is a long-term strategy to enlarge the base of 



potential scientists and engineers by recruiting more 
and different students into science and engineering. 
Such a strategy entails working with schools and 
colleges, and with children, teachers, and staff to 
renovate elementary and secondary mathematics 
and science education. 



RETENTION POLICY OPTIONS 



If the Nation wants more scientists and engineers 
relatively quickly, then retaining undergraduate and 
graduate students in science and engineering is the 
most useful policy strategy. Many able students leave 
science and engineering during college, after earn- 
ing baccalaureate degrees, and during graduate 
school. Only about 30 percent of B.S. science and 
engineering graduates enter full-time graduate study, 
and nearly half of science and engineering doctoial 
candidates never earn Ph.D.s. Some loss is inevita* 
ble (and, indeed, beneficial to other fields), but those 
who leave unwillingly and prematurely are a rich 



resource that could be tapped. Because attrition rates 
are so high and the population of research scien- 
tists and engineers is relatively small, slight improve- 
ments in retention could increase significantly the 
number of scientists and engineers in the work force. 
Federal policies could work at all levels to retain 
more of these able, interested students in the pool.^ 



Although 'Vicntiiti and cngint-cri" arc addrciacJ c.itcgoritally 
throughout moM of thib chapter, (here arc Jiffcrencc^ bct\^ccn them 
that demand separate policy consideration. Potential scientists aim for 
doctoral degrees, but most engineers enter the work force with a bac- 
calaureate degree. Some cngineeri cither continue immediately, or rc- 
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Many factors affect students* career choice and 
persistence in science and engineering: interest and 
aptitude; perceptions about careers gleaned from 
university faculty, peers, and summer jobs; and an- 
ticipated earnings and nonmonetary rewards. Stu- 
dents considering academic careers must also weigh 
the burden of undertaking and financing graduate 
training. The Federal Government affects these ca- 
reer decisions "Srough targeted support of students, 
universities, and research, and through its perva- 
.sive influence on the American econ .ny and re- 
search agenda. The extent and form of Federal sup- 
port for students, particularly graduate students, 
affects the attractiveness of further study. Federal 
R&D support and national research missions (e.g., 
in health, space, defense) shape students' perceptions 
of the job market for scientists and engineers, as well 
as the environments in which students .ire educated. 

Many of the policies discussed below involve 
established mechanisms that could be expanded ef- 
fectively. There is an adequate xo^o^y^ of prepared 
college graduates and graduate students who, with 
the proven incentives of fellowships and potential 
R&D-supported jobs, would b.: able to shift their 
career choices. 



1. Support Graduate Training 

The Federal Government is the most important 
source of direct support for graduate training, pri- 
marily through fellowships aad traineeships, and of 
indirect support through universities (which pass on 
money to students through research assistantships). 
This suppc t is intended to meet national research 
and education needs by making graduate study at- 
tractive to baccalaureate recipients, and sustaining 
those who enter graduate school through comple- 
tion of their Ph.D.s. To achieve these goals, the Fed- 
eral Government can adjust the overall level of sup- 
port, distribute money among different forms of 
support, and vary the relative amounts of support 



turn .nftcr gaining work experience, for a master's Jegree. Tradition* 
ally only a small numlx lia\c sought Ph.D.s and these engineers have 
most often taken .in ataJemu positiun Scientists arc more likely to 
cn^cr academia and o:her nonprofit environ m/^nts. This .hapter con 
Ccntrates on the research work force, the subset of scientist:> and engi' 
neers most likely to have Ph.D.s. Unless other .vise specified, reference 
here to s<.ieniists and engineers means racuiJi scientists and engmt 



given different categories of research, su^h as basic 
research and mission R&D, and different catego- 
ries of students and institutions. 

• Expand graduate fellowships and rraine^ hips. 

• Shift distribution of student support among the 
major lurnis of support: fellowships, trainee- 
ships, research assistantships ^RAs), teaching as- 
sistantships (TAs), and loans. (Currently the 
bulk is in RAs.) 

• Shift distribution of graduate student support 
between the National Science Foundation 
(NSF), the Department of Education, and the 
mission agencies. Authorize mission agency sup- 
port for graduate training in those agencies not 
c irrently authorized. 

• Expand special support programs for minorities 
and women. 

• F 'pand postdoctoral fellowships and traineeships. 

• Clarify tax status of graduate student stipends 
and support. 

Federal suppo, ? jf graduate training is a proven, 
highly effective hicans of producing scientists and 
engineers. Federal influence at the graduate level is 
relatively straightforward: the support (Federal and 
otherwise) availabh for graduate students influences 
the number of students pursuing and earning Ph.D.s 
and directs them toward funded research areai 
Different support mechanisms— RAs, TAs, fellow- 
ships, and loans— support students in different stages 
and aspects of their graduate stvdy. This diversity 
of support mechanisms has served U.S. universities, 
students, and research ./ell. The Federal Govern- 
ment has directed its support to an array of RAs 
and fellowships, and to training grants tha benefit 
both universities and students. 

The allocation of Federal support among these 
different mechanisms depends on the purposes 
sough:. For example, if the Federal Goverr-Tient 
wanted tu encourage teaching as a career, it might 
support more TAs. Currendy there is little Fede' al 
funding of TAb, which total only about $3 million 
annually. Fewer than 400 full-time graduate stu- 
dents, or 0.1 percent, receive their primary support 
from Federal TAs. If increasing the research experi- 
ence of women and minority students is a goal, then 
they Lould be targeted for RAs funded by Federal 
research grants to faculty (see below). Fe**' arguments 
are mounted against Federal support of graduate stu- 
dents, particularly in arcab where there is dear na- 
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tional interest, such as biomedicine, space sciences, 
environmental science, and basic academic research. 
The most controversial issues are the overall level 
of support and the allocation of training support 
among different types of students and institutions. 

Fellowships and Traineeships.— Fellowships and 
traineeships are the cream of Federal support. Fel- 
lowships provide flexible, generous support directly 
to a few of the very best graduate students, and pro- 
mote successful, rapid completion of Ph.D.s. Mul- 
tiyear training grants are awarded to institutions, 
which in turn distribute traineeships to graduate stu- 
dents. Traineeships provide valuable support for the 
university's education and research infrastructure. 
Training grants are a proven means of nurturing 
students who will become successful researchers. To- 
gether, fellowships and traineeships are effective, 
long-term, and low-risk investments in a core of crea- 
tive graduate students and future researchers.^ Ex- 
pansion is possible; field-specific fellowships and 
traineeships offered in the 1960s, under the National 
Defense Education Act, helped spur unprecedented 
increases in science and engineering graduate en- 
rollments and Ph.D. awards. 

Current Federal fellowships and traineeships to- 
tal about $250 million per year and provide primary 
support for about 13,300 (or 5 percent) of full-time 
graduate students. Training grants form the bulk 
of this support ($170 million annually, which sup- 
ports about 9,000 or 3.7 percent of full-time gradu- 
ate students). The single most important source is 
the National Institutes of Health (NIH) National Re- 
search Service Award traineeship. Fellowships alone 
total $80 million annually, which support just 1.6 
percent of full-time graduate students. 

Fellowships and traineeships may be field-specific. 
One risk of increasing field-specific predoctoral and 
postdoctoral support is the national waste and per- 
sonal cost of training students in fields with chang- 
ing research priorities that undermine the job mar- 
ket (as in environmental sciences or renewable 
energy in the mid-to-late 1970s). However, such 



^Bcc.ii $c fellowships an J traineeships arc usually awarded to the best 
students, it is difficult to say to what extent the form of suppo-' en- 
hances graduate education and to what extent the better student would 
excel nnyway. Undoubtedly, hviU the htgh quality raw matcnal and 
the gcnjrous support are intportant. The complete fcllouship and 
traineeship system, including promotion. Selection, and the suppo-t 
itself, is effective. 



changes are diffn^ult to predict. The best alterna- 
tive is to encourage clubc monitoring of the labor 
market by Federal funding agencies, universities, and 
industry employers, to encourage universities and 
students to shift fields of study where the job out- 
look is bleak; and to help graduate students, new 
Ph.D.s, and young researchers move to neighbor- 
ing specialties as necessary. 

"Portable" fellowships (awarded to individual stu- 
dents who carry them to the institutions of their 
choice) tend to reinforce concentration of Federal 
R&D support in the best, well-established univer- 
sity departments. The advantage of fellowships is 
great for students and institutions, since they are 
flexible and generous, and produce both good re- 
search and Ph.D. researchers. 

Traineeships and grant-linked research assistant- 
ships direct Federal support to a broader range of 
institutions. Because of the many years needed for 
graduate training and the resulting delay between 
fellowship awards and completion of Ph.D.s, no 
form of graduate support can address short-term per- 
sonnel shortages or urgent research problems. Grad- 
uate students, however, seem to respond more 
quickly to increases in support than to decreases. 

Fellowships and traineeships are particularly ef- 
fective for attracting and nurturing minorities and 
women. Expansion of fellowship support is limited 
by the relatively small numbers of minorities who 
pursue graduate study; many more qualified women 
B.S. graduates, however, could be attracted Cur- 
rendy, there are few such special programs in place; 
an exception is the widely-acclaimed Minority Ac- 
cess to Research Careers program of NIH. NSF 
awards about 50'75 graduate fellowships annually 
to minorities; the Department of Education offers 
minority fellowships which, although not targeted 
to science and engineering, are used by graduate stu- 
dents in these fields. Several other mission agencies 
have small programs that typically orovide fellow- 
ships for 5 to 30 minority graduate students. In all, 
special Federal fellowship/traineeship programs for 
minorities total about $8 million to $10 million an- 
nually and fund about 100 to 150 graduate students 
(only a few percent of minority graduate students). 
Doubling special fellowship programs for minorities 
and establishing similar programs for women at the 
same level would require about $30 million dollars 
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anrually. Such funds could be set aside from exist- 
ing fellowship programs, or additional funds could 
be appropriated. 

Postdoctoral fellowships, generally 2 y:ars in du- 
ration, augment the specialized knowledge and skills 
acquired during graduate study. Postdoc*^orates are 
particularly productive, creative researchers, because 
they can devote themselves to research full time. 
They are a reservoir of talent that fellowships can 
rapidly and efficiently guide toward current research 
priorities. Postdoctoral appointments also help re- 
tain Ph.D.s in the research work force, especially 
in slark job markets, and help shift researchers 
toward current priorities. Current Federal support 
is approximately $150 million per year, mainly in 
the life sciences, supporting about 5,000 postdoc- 
torates (23 percent of all postdoctorates). Another 
$250 million or so per year supports about 11,000 
postdoctoral students through research grants. 

Taxation of Graduate Student Aid.— The tax sta- 
tus of graduate student aid has changed in the past 
few years with changes in tax law."* The guiding 
principle of the 1986 tax reform was to minimize 
special exemptions (e.g., student aid), while mini- 
mizing the burden by reducing the overall tax 
rate.^ The general trend has been to reduce tax ex- 
emptions on student aid, both stipends for living 
expenses and aid to cover tuition fees. Currently, 
all forms of student aid— T As, RAs, fellowships, and 
traineeships— are considered taxable income. Recent 
tax reform affirmed in legislation the taxable status 
of student aid, but both the tax code and its en- 
forcement remain murky. There are varying inter- 
pretations of whether all forms of aid— from TAs, 
which are given for providing teaching services, to 
fellowships that have no formal work requirement— 



*This section IS based on personal communications with Bob Lyke, 
Congressional Research Service, February 1988, an J Tom Lnnuy, 
Council of Graduate Schools, February 1988. Also see Stacy E. Palmer, 
"Measures To Tax Scholarships Pose Dilemma for Graduate Schools," 
The Chromch of Higher Educauon, Apr. 16, i98(), p. Ai; and Ar^ 
thur M Hauptman, Students m C.aJunfe anJ rrofess.tonal EduK.juon. 
What We Know and Need to Know (Washir ^n, DC. American Asso- 
ciation of Universities, 1986), pp. 62-64. 

^he main goal of the original post- World War II tax exemptions 
for student aid was to encourage college attendance. This goal has dearly 
been achieved for undergraduates where the financial burden rests with 
students and their families. Given the weak market incentives for gr.iJ 
uate study, there still seems to be a need and national justifiLfltiun fur 
special financial buttressing of graduate study (for which educationdl 
institutions and Federal and State Governments have traditionally paid). 



are covered by the same laws and taxed similarly, 
and whether aid that goes to tuition should be taxed 
in addition to stipend aid. 

Most agree that tuition aid should not be taxa- 
ble. However, there are concerns about scope and 
implementation. The financial attractiveness of grad- 
uate study is tenuous, given the low earnings of most 
graduate students; increasing withholding and stu- 
dents* eventual tax burden without a compensat- 
ing increase in stipend could deter or lengthen grad- 
uate study To sustain the current level of support. 
Federal and other contributions for student aid 
would need to be increased. To compensate for the 
added tax burden on the recipients of their awards, 
NSF and other agencies are seeking to increase their 
allocations. This step would simply maintain the cur- 
rent levels of student and institutional support. 
States and universities would need to boost institu- 
tional support to maintain TAs and other forms of 
aid. 

Confusion and some unanticipated problems have 
arisen from lack of coordination between tax legis- 
lation, the Employer Assistance Act, Internal Rev- 
enue Service regulations, and student aid legislation 
and regulations. Congress could clarify the tax sta- 
tus of tuitions and stipends, and set out in a sepa- 
rate section of the tax code the tax liability of each 
form of student aid. 

2. Sustain Academic R&D Funding 

The Federal Government is the Nation's R&D 
pacesetter. Its $60 billion annual R&D budget is 
about half of U.S. R&D, and influences the rest 
substantially. Federal R&D funds are even more vis- 
ible on campus, where they support nearly two- 
thirds of all R&D. 

R&D spending not only helps develop scientific 
and technological knowledge that is useful to na- 
tional needs, but also has important and often un- 
derappreciated effects on the education of scientists 
and engineers (see table 4-3). First, the overall level 
of R&D spending, as wel' -s its distribution among 



A related consideration is unanticipated or inequitable impacts of 
the tax law on certain groups, particularly foreign students and mar* 
ried students. Foreign student aid is withheld automatically at the high- 
est rate, and they receive no deductions for children. This may diS' 
courage foreign graduate students and uOes fu ang to increase the 
numbers of American students. 
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Table 4*3.— Annual Federal Support of Graduate Education and Research 
($ = approximately $75 million) 

Most Federal research-related funds that go to unlversiti?s support current R&D, rather than 
the education of future researchers. Research support also is the largest source of Federal sup- 
port for graduate education; research assistantships from university research grants and con- 
tracts support over three times as many graduate students as do direct Federal fellowships 
and traineeships. 



Primary purpose: 


Education ! 


Research 


Category of support: 

individual student support (fellowship) 

Training support 

Institutional development 

R&D support 


S 

S$ 

ss 

$$$$$$ (RAs) 


$$$$ 
$$$$$$$$$$$$$ 

33 $$33$ 333$ 3$$ 



KEY: RAs - research assistantships. 

SOURCE: Office of Technology Assessment, 1988. 



fields and missions, both directly shapes the job mar- 
ket for scientists and engineers and is the single most 
important predictor of their future supply/ Sec- 
ond, the portion of Federal R&D spending that goes 
to fund science and engineering research on campus 
helps support large numbers of RAs, which are the 
most common form of Federal graduate student 
support. 

Changes in national R&D policies affect both the 
attractiveness of the science and engineering career 
as well as the ease with which students can prepare 
for one. Currently, over one-quarter of PhD. re- 
cipients have federally-funded research assistantships 
during their graduate study, a mechanism that pro- 
vides about $500 million in annual student support. 
The vast majority of this spending comes from the 
mission research agencies, which provide about $5.5 
billion in academic research support annually. About 
30,000, or 12 percent, of graduate students receive 
their primary support from RAs annually. Overall, 
about 5 to 15 percent of research funds awarded to 
university investigators is spent on RAs, with this 
proportion varying significantly by field. Federal 



'Lewis C. Solmon, "Factors Determining and Limiting the Supply 
of New Natural Science and Engineering Baccalaureate. Past Experi- 
ence and Future Prospects," prepared for the National Science Foun- 
dation Workshop on Science and Engineering Manpower, draft man- 
uscript, Ji ly 8, 1986; Hli Ginzbcrg, "Scientific and Engineering Personnel. 
Lessotis ^nd Policy Directions," The Impact of Defense Spending on 
Nondcfense Engineering Labor Marker- , A Report to the National 
Academy of Engineering (Washington, DC: National Academy Press, 
1986). 



agency, and the purpose for which the funds are 
provided. 

• Recognize the educational as well as the scien- 
tific benefits that accrue firom Federal R&dD sup- 
port to colleges and universities, 

• Shift the distribution of Federal R&D support 
among academia, industry, and government, 




Photo credit: National Institutes of Health 



Federal research and development funding bolsters 
and guides demand for scientists and engineers, 
graduate students as research assistants, and the 
universities and colleges that train future scientists 
and engineers. National Science Foundation support 
of basic scientific research forms the backbone of 
education and research in science and engineering. 
But the Federal mission agencies provide, overall, more 
funding, and dominate funding in fields related to their 
mission. Striking the balance between these two routes 
of Federal support never has been easy. 
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taking account of the difFerenc educational ben- 
efits that derive from spending in each these 
areas. Consider shifting the balance of R&D 
spending between defense and civilian areas, 
and among basic, applied, and development- 
oriented programs, in light of their different 
educational effects. 
• Increase overall R&D support as a way of im- 
proving the attractiveness of science and engi- 
neering careers and expanding the research 
work force. 



Research Assistantships and the Mission Agen* 
cies.— In general, RAs provide vital bench research 
experience in state-of-the-art university research pro- 
grams. Next to fellowships, they are the most sought- 
after form of graduate student support. Designat- 
ing RAs for women and minority students encour- 
ages persistence to the Ph.D. and is thus a tool for 
altering the composition of new entrants to the sci- 
ence and engineering research work force. 

Most RAs are provided through funds from NIH; 
its expenditures on health and biological research 
dwarf the total spending of NSF and many other 
agencies. Among other mission agencies, the De- 
partment of Defense is a prominent funder of engi- 
neering and mathematical research, the National 
Aeronautics and Space Administration dominates 
space science, the Department of Energy is promi- 
nent in energy and physics research, and the De- 
partment of Agriculture is a major funder of agri- 
cultural research. In some fields (such as geodesy, 
space science, and high-energy physics), the respec- 
tive mission agency is the only supporter of research; 
it seems reasonable that each agency look after its 
own research work force as well. NSF, however, is 
entrusted with Federal support of basic research rele- 
vant to the general interests of the Nation rather 
than any particular mission. Overall, four of five 
federally supported fulUtime graduate students are 
funded through the mission agencies. 

One consideration in assessing the allocation of 
funds among the agencies is the variable proportion 
of academic research funds from each agency that 
goes to RAs. For example, the proportion is much 
higher for NSF grants than for those from the De- 
partment of Defense. In general, a greater propor- 
tion of academic, civilian, and basic research fund- 



ing (as it is variously labeled) goes to support students 
than does defense and development funding. 

Closer educational links could be forged between 
academia and the mission agencies' own labora- 
tories. Mission agencies could be encouraged to fiind 
programs to provide graduate training (via fellow- 
ships or internships) for students at their labora- 
tories. Such programs would improve the dissemi- 
nation of students' research, help the laboratories 
to recruit talented students, and improve relations 
with universities. In some cases, the relevant legis- 
lation governing each agency's research activities 
might have to be amended to permit such programs 
to be established. 



3. Control the Flow and Retention of 
Foreign Students 

The vitality of U.S. universities attracts increas- 
ing numbers of foreign science and engineering grad- 
uate students and visiting scholars, many of whom 
stay in the United States after completing their 
degrees. In engineering, more than one-half of all 
graduate students and more than one-third of new 
faculty are foreign. 

The unprecedented visibility and even predomi- 
nance of foreign citizens in certain fields has raised 
concern. Most observers see the problem as a short- 
age of Americans rather than a surfeit of foreign sci- 
entists and engineers. (U.S. graduate students in 
engineering increased by 20 percent for 1975-85; for- 
eign graduate students in engineering increased even 
more. It is important to look at absolute numbers 
as well as proportions.) 

Immigrants make val.iable contributions to U.S. 
research. They are highly selected, academically 
competent, and valuable researchers who have 
maintained many university departments as Amer- 
ican student and faculty numbers have slowed. Stu- 
dent entry is n^ v the dominant path of immigra- 
tion for scientists and engineers. Relying on foreign 
talent in key areas is seen to have many drawbacks. 
Some consider foreign students and faculty as a na- 
tional -.u^urity risk; othe.s cite their difficulty in "fit- 
ting in," owing to language and cultural differences; 
and some worry that they drain talent from their 
home nations. 
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• Encourage Americans to undertake graduate 
study and academic careers in selected fields. 

• Continue the selective entry and immigration 
of educated, skilled foreign scientists and en- 
gineers. 

• Use immigration and naturalization oolicies, fi- 
nancial support eligibility, or employment reg- 
ulations to open or close the doors to foreign 
students and/or immigrant scientists and en- 
gineers. 

Apart from the widely accepted goal of encourag- 
ing American graduate students in science and engi- 
neering, a fundamental issue is whether to encourage 
foreign students and workers, or to restrict them. 
These people add skills, creativity, and energy to 
U.S. science. Although the greatest contributions 
are likely to come from immigrants who stay per- 
manendy, temporary visitors and graduate students 
also contribute to U.S. research while they are here. 
Furthermore, even after visitors leave they usually 
maintain contacts within the U.S. research commu' 
nity. Several mechanisms are available to broaden, 
selectively encourage, or restrict the entry, length 
of stay, and permanent immigration of scientists and 
engineers. 

Most suggestions to encourage American study 
in fields with high proportions of foreign students, 
such as engineering, mathematics, and computer 
science, center on one tactic: increasing RA or TA 
stipends to make graduate study more competitive 
with employment, usually setting the target figure 
at half the average starting bachelor Vie vel salary. 
Similar measures have been used with young faculty 
members; universities have supplemented faculty sal' 
aries in competitive fields such as engineering, busi- 
ness, and medicine. This step can create jealousy 
on campus. In some cases, the supplements have 
been temporary, until the labor markets have ad- 
justed and more Americans take faculty posts; in 
other case?, separate salary scales for faculty are in- 
stituted. 

Most foreign scientists and engineers originally 
came to the United States as students (on temporary 
or nonimmigrant visas). Those who stay usually ob- 
tain visas as temporary workers (H-1 or H-Z tem- 
porary visas); under current Immigration and Na- 
turalization Service (INS) policy, these visas are 
generally good for 5 years, renewed annually on the 
basis of continued need by employers. Some work- 



ers apply for permanent visas, with the sponsorship 
of employers, by a process known as labor certifi- 
cation. Graduate students who stay on are the 
largest source of permanent foreign entrants to the 
science and engineering work force. Direct immigra- 
tion of experienced scientists and engineers is much 
less common and less of a policy issue.^ 

The Federal Government could use eligibility con- 
straints to expand or restrict support of foreign stu- 
dents. Most Federal fellowships are not open to for- 
eign citizens; the cost of graduate education for 
foreign science and engineering students must be 
defrayed by support from their home countries or 
the U.S. universities they attend. Making foreign 
citizens eligible for fellowships would allow agencies 
to recruit people in fields where American students 
are scarce. Another option is to restrict foreign eligi- 
bility for research or leaching assistantships, which 
would depart from the tradition of faculty auton- 
omy in selecting assistants and deter many good for- 
eign students from U.S. graduate study. 

Other mechanisms include: 

• Changing the approval criteria for labor certifi- 
cation.^ The Federal Government could encour- 
age foreign nationals in science and engineer- 
ing to stay in the United States by eliminating 
the requirement for labor cer.iication altogether. 

• Changing the regulations that require students 
who have held exchange visitor O'l) visas to 
return home before applying for a permanent 
visa. Extending this requirement to all students 



*^Pcrhaps 150,000 forcjgn science and engineering students enter each 
year, mostly on temporary student visas ^F-l), some on exchange visi- 
tor visa!> O'l). They favor fields with rapid employment growth such 
ai> computer science and engineering, as do American graduate stu- 
dents. Under current policies, students can apply to extend their visas 
tor i year of practical training, and then convert to a temporary worker 
visa!> (H I or H-2) for up to 5 years. In 1985, about 12,000 foreign sci- 
ence and engineering students (or former students) converted to per 
manent visas, while about 5,000 immigrants in science and engineer' 
ing occupations entered the United States. In addition, some students 
on temporary visas stay and work. Overall, about half of foreign grad- 
uate science and engineering students stay in the United States to work 
for a number of years. Dennii* Keith, Immigration and Naturalization 
Service, personal comtiunication, Jan. 29, 1988. 

■^About 30 percent of immigrant scientists and engineers receive an 
employer-submitted labor certification, which demonstrates that the 
Secretary of Labor has determined that the Job cannot be filled by a 
U.S. worker and that employment will not adversely affect U.S. workers 
similarly employed. The Immigration and Naturalization Service then 
has to consider the individuals petition for immigration (on the basis 
of quotas and occupational preferences). 
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and/or to temporary workers would probably 
reduce both permanent immigration and stu- 
dent entry by decreasing the attractiveness of 
university study as a simple means of perma- 
nent immigration. 

• Controlling the number of student and tem- 
porary visas issued by INS and the Department 
of State, possibly by field (currendy there are 
no quotas). Such a measure would likely reduce 
the number of foreign students, 

• Further restricting entry according to country 
of origin or field, thus reducing the number of 
immigrant scientists and engineers. In addition, 
certain occupations are exempted from certifi- 
cation; expanding this list could impose occupa- 
tional preferences for immigration quotas. 



4. Support Institutions That Make 
Special Contributions to Undergraduate 
Science and Engineering Education 

Graduate education builds on the base laid by un- 
dergraduate education— the 4'year period in which 
the student pursues coursework in the fundamen- 
tal subjects of science and engineering, may actively 
work in research projects, and first encounters 
faculty mentors who are research professionals. AU 
though the Federal Government does not support 
undergraduate education in the same direct way as 
it does graduate education (primarily via research 
grants), it does provide considerable indirect fund- 
ing. The routes by v.'hich these funds are supplied 
include overhead on research grants and student 
awards, and programs for improving institutional 
development, instructional equipment, libraries, and 
facilities. Much of this funding is not specifically 
directed to science and engineering education, aU 
though it does benefit these fields. 

The bulk of this support goes to a small number 
of elite research universities, which graduate most 
of those who go on to science and engineering 
careers. Yet the large scale and research orientation 
(often at the expense of teaching) of these institu- 
tions may deter others from considering graduate 
study. There are other, smaller institutions that are 
strong in undergraduate science and engineering 
without having the research focus of the research 
universities. These smaller institutions, such as re- 



search colleges, historically Black colleges and uni- 
versires (HBCUs), women's colleges, and primar- 
ily engineering institutions, in fact graduate large 
numbers of science and engineering students who 
go on to further study in these fields.'^ These suc- 
cessful, and often neglected, undergraduate environ- 
ments may merit special Federal support, and cer- 
tainly provide lessons that could be adapted to other 
institutions, including the research universities, 
sities. 

• Expand research, student, or institutional sup- 
port of institutions that are especially produc- 
tive of baccalaureate degree recipients who be- 
come science and engineering Ph.D.s. Doubling 
current special programs for research colleges 
would require $10 million to $20 million annu- 
ally. Doubling current support for minority in- 
stitutions would require $500 million to $750 
million annually. 

About 100 research universities train the vast 
majority of science and engineering Ph.D.s. They 
also produce most of the bachelor's recipients in 
these fields who go on for Ph.D.s. They receive 
nearly all of Federal academic R&D funds and are 
well-endowed; few argue that they need new Fed- 
eral ftinding. Some observers contend, however, that 
they neglect undergraduates in favor of research and 
graduate training. Yet the academic reward system, 
based on success in research, is largely impervious 
to change. Institutions might be more productive 
of undergraduates if faculty were encouraged to pay 
attention to teaching through mechanisms that shift 
funds toward mentor grants and undergraduate re- 
search participation, or if research ftinds were some- 
how tied to overall teaching performance. 

The research colleges— small, 4-year liberal arts col- 
leges that concentrate on science and research- 
are especially effective in educating and encourag- 
ing students who go on to be -esearch scientists. Ob- 



^•^A large category of institutions omitted from this list are the com' 
preheniive universiiiei. Seventy percent of these 600 institutions are 
State schoi.>ls. They represent a point of access to higher education 
for many students who either do not qualify for or canno^ afford more 
selective institutions. Some believe that their role in undergraduate 
Science and engineering education, and as a feeder of th^ research 
universities, could also expand if resources to meet the same instrumen- 
tation and faculty needs of other teaching environments were made 
available. See Phihp H. Abelson, "Science at the Four'Year and Master's 
Universities," Science, vol. 239, Feb. 12, 1988, p. 705. 
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servers attribute this success to their emphasis on 
teaching, programs that prevent attrition, student 
research participation, and continuous personal con- 
tact between faculty and students. Current Federal 
support for research colleges rests with NSF, with 
programs supporting special instructional equipment 
and research. NSFs College Science Instrumenta- 
tion Program is currently funded at $10 million per 
year. Less than $35 million, or 0.5 percent of Fed- 
eral academic R&D funding, goes to the research 
colleges annually. Special programs could provide 
equipment and facilities for teaching and research, 
coordinate research and education activities that re- 
sult in significant student participation in faculty 
research at the research colleges, and promote co- 
operation and resource-sharing among small col- 
leges, and between small colleges and universities." 

HBCUs, numbering abou" 100 and located pre- 
dominantly in the South, graduate about one-third 
of all Black bachelor's recipients. HBCU: have long 
received special Federal support, dating from legis- 
lation to ensure minorities* access to higher educa- 
tion. These institutions send many of their gradu- 
ates on to Ph.D.s in science and engineering. HBCUs 
provide a supportive intellectual and social environ- 
ment that heightens minority student retention and 
sparks graduate study. In addition to HBCUs, with 
their special legislative status, there are several hun- 
dred 2- and 4-year colleges with predominantly mi- 
nority enrollments, including a growing number of 
institutions with large Hispanic enrollments. These 
institutions have underutilized potential for nurtur- 
ing science and engineering talent. 

Total Federal support of HBCUs ib about $700 
million per year, most of it general institutional sup- 
port. Funds for equipment, facilities, faculty ex- 
changes and development, educational materials, 
and various student services are awarded by the De- 
partment of Education (about $630 million under 
Title III of the Higher Education Act and $5 mil- 
lion under the Minority Institutions Science Im- 



"The 1987 Oberlin Report tails for a lO^ycar investment of $1 bil- 
lion, half for "maintenanLe and enhaneement of cffeaive tedLhing and 
research'* (c*g'> faculty and student grants, and new instrumentation), 
15 percent for construction and renovation of laboratories and class- 
rooms, and the rest for additional facultv positions. See Sam C. Car- 
rier and David DaviS'Van Atta, Maintaming AmQri<.<ib Sucntitii, 
Productivity. The Nctcsstt} of the Liberal Art{> Colleges (Oberhn, OH. 
Oberlin College, March 1987), p. 133. 



provement Program).^- Little of the support under 
Title III has been directed at science and engineer- 
ing. NSF, NIH, the Department of Agriculture, and 
other mission agencies have smaller, more informal 
programs that benefit HBCUs. 

Setting aside special support for some group of in- 
stitutions can be politically controversial. To what 
extent should existing productive environments be 
supported, and how much effort should go into iden- 
tifying and reproducing the characteristics that foster 
productivity? A related question is whether more 
support would automatically make scientist- and 
engineer-producing institutions even more produc- 
tive. Some have argued, for example, that funding 
large amounts of research (instead of teaching) at 
research colleges could undermine the emphasis on 
teaching. Federal initiatives such as the NSF Sci- 
ence Development Program have worked, although 
they are expensive even when costs are shared by 
State and private sources of funding. There is sub- 
stantial inertia in the structure and culture of indi- 
vidual colleges, and in the overall hierarchy of in- 
stitutions.*^ 

5. Expand Undergraduate Hands-on 
Research Experience 

Research experiences in actual research settings 
provide science students with valuable previews of 
scientific research careers. These programs take 
many forms— formal c .operative arrangements, ap- 
prenticeships, field work, undergraduate research fel- 
lowships and teaching assistantships, summer jobs, 
and internships. Extensive testimony and some re- 



' James B. Stcdman, Congressional Research Service, Library of 
Congress, "Title III of the Higha Edueatton Aa. Provisions and Fund- 
ing," issue brief. Mar. 31, 1987, pp. 4'6. Also see Margaret SeagerS, 
Executive Director, White House Initiative on Historically Black CoN 
leges and Universities, in U.S. Gjngress, House Commute on Seicnee, 
Space, and Teehnology , Subcommittee on Science, Research and Tech 
nology. Federal Science and Technology Support for Historically Black 
Colleges and Universities (Washington, DC: U.S. Government Print' 
ing Office, Oct. 9, 1987), pp. 197-209. 

Another concern is wl father funding special environments, such 
as \vomen*s and minority colleges, w^ould perpetuate undesirable sepa^ 
rate education and preserve an artificial "hothou^v* ' environment that 
nurtures students while they are in it, but does not prepare them for 
mainstream research later. (There is some indication, for example, that 
women baccalaureates from women's colleges, while they are more likely 
than women from coeducational institutions to earn a science or engi- 
neering Ph.D., are less likely to continue in research careers.) 
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Photo credit: Carl Zitzmann, George Mason University 



Undergraduate research participation can be a highly 
effective way to encourage undergraduates to consider 
entering graduate school and becoming research 
scientists or engineers. 



search data suggest that students who participate 
in undergraduate research are more likely to become 
productive scientists. 

Engineering students planning to enter the work 
force with B.S. or M.S. degrees have a similar op- 
tion in cooperative education. Cooperative educa- 
tipn students alternate their regular academic studies 
with paid jobs related to their major, usually off- 
campus in industry or government. The work ex- 
perience gained in a cooperative program— as in 
other summer or part-time work related to a stu- 
dent's major or in research projects for science 
students— provides early exposure to a planned ca- 
reer and a valuable head start on "real-life'' work- 
place skills. Formal cooperative programs encom- 



pass only about 2 percent of science students and 
10 to 15 percent of engineering students. 

• Increase funding for undergraduate research by 
NSF and possibly the mission agencies, as spe- 
cial programs or supplements to research grants. 

• Target women or minorities. 

• Increase support for cooperative education (fund 
university programs, provide incentives to em- 
ployers, and encourage Federal agencies to host 
more cooperative education students). 

A line-item addition to grants could reward in- 
vestigators and institutions for involving under- 
graduates, especially women and minorities, in re- 
search projects. NSF has built such an incentive into 
some of its research programs, and it could expand 
the effort. Adding student participation in research 
as a criterion when evaluating applications for sup- 
port (or even accreditation) would raise conscious- 
ness about experiences that are critical to budding 
research careers. 

Current annual Federal support of undergradu- 
ate research is in the $15 million to $100 million 
range, involving 7,000 to 12,000 undergraduates. 
NSF leads with a dedicated program. Research Ex- 




Photo credit University of Tulsa and The Chronicle of Higher Education 



Cooperative education programs combine academic 
coursework with periods of off-campus industrial 
training. They give students valuable early exposure 
to "real-life" work skills, and help employers find and 
prepare students for employment after graduation. The 
Federal Government supports cooperative education 
programs both through Its mission agencies and 
through a grant program from the Department 
of Education. 
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perience for Undergraduates ($9 million annually 
and 2,000 students). Other research, education, sum- 
mer research, and outreach programs in NSF, NIH, 
and mission agencies generally, also involve under- 
graduates in special programs. 

Federal support of cooperative education has in- 
cluded financial support to universities to set up and 
administer cooperative programs, incentives to in- 
dustry, and the hosting of cooperative students by 
Federal agencies. Support under Title VIII of the 
Higher Education Act has helped universities estab- 
lish and expand cooperative programs. Current Fed- 
eral support is $15 million per year under Title VIII 
for nearly 200,000 undergraduates in cooperative 
programs at several hundred institutions. 

The main argument against expanding support 
of undergraduate research and cooperative educa- 
tion programs is the cost. Beneficial undergraduate 
research and cooperative study demands commit- 
ment to education by employers. Many employers 
are reluctant to invest in short-term apprentices, and 
this resistance limits the attraction of their partici- 
pation in cooperative education without additional 
external funding. 

6. Target Support for Undergraduate 
Science and Engineering Students 

The Federal Government has expanded access to 
higher education for most Americans. College en- 
rollments increased rapidly in the late 1960s and 
early 1970s as the baby boom generation grew up. 
With the help of Federal aid, especially programs 
authorized by the Higher Education Act of 1965, 
a larger proportion of high school graduates went 
on to college. Federal and State financial aid has 
been awarded primarily on the basis of financial 
need, regardless of the planned or declared major 
of the student. 

• Link part of existing need- or merit-based col- 
lege student aid programs (for example. Pell 
Grants) to field or institution of study. Certain 

RECRUITMENT 

The basic goal of recruitment is to expand and 
improve the talent pool. The years to do this are 
elementary school through the first few years of col- 
lege. A particularly critical time is 6th through 1 2th 



groups, such as women, minorities, or talented 
and disadvantaged students, could be targeted. 
• Create new programs to support science and 
engineering students regardless of need. 

Federal financial aid is a powerful lever on stu- 
dents aspiring to college educations. This lever could 
be used to influence the field distribution of under- 
graduates. The tradition of egalitarian aid based on 
need and respect for individual choice, regardless 
of institution and field of study, must be weighed 
against the possible national benefits of directing 
more or selected students into certain institutions 
or fields (for equity, personnel, or institutional de- 
velopment goals). Federal aid linked to field is ac- 
cepted as necessary support of graduate students and 
as a way to meet national needs; field-linked per- 
sonnel training (at both the undergraduate and grad- 
uate levels) as a justification for Federal involvement 
can be traced to the Morrill Act. 

There is a circularity to the Federal role in career 
choice and market demand: indirectly the Federal 
Government affects the market, without affronting 
individual freedom of choice. Should it explicitly set 
priorities on the supply side as well? One option 
might be for any or all agencies that support col- 
lege students— Federal, State, or private— to award 
some or all need-based aid by planned or declared 
field of study. Congress might direct the Department 
of Education to consider field of study in offering 
and awarding need-based aid. (NSF's undergradu- 
ate programs already do this to some extent, but 
t^ey are merit- rather than need-based, and very 
few in number.) This might be done in the junior 
or senior year, when fairly reliable near-term mar- 
ket demand for those students can be projected. 
However, most students will have made their choices 
of major by this time.'^ 



'*Thc most prudent course would be to adjust aid at the broad field 
level ('^hat is, science and engineering versus other fields) rather than 
to specific fields of science or engineering. The former builds a Hotk 
of human resources, the latter f*u orb certain diM-iplines and >killj> within 
the stock. 

POLICY OPTIONS 

grade, when course-taking becomes more specialized 
and career plans are formed. Policies to expand the 
mathematics and science talent pool differ from 
those to accelerate or improve the education of a 
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small core population. Students who take early, en- 
thusiastic likings to science and mathematics can 
be served differently from those whose interests are 
still developing. 

For all students, the content and quality of their 
elementary and secondary education determine their 
academic preparation for college, their likelihood 
of entering college, and their ability to derive the 
greatest benefit from a college education. Better high 
school graduates mean better college graduates, and 
ultimately better scientists and engineers. Significant 
changes must occur in students' early preparation, 
awareness, and interest before they are drawn inco 
college and science and engineering majors, and 
eventually to graduate and R&D programs. The 
continuing low participation in science and engi- 
neering of women and minorities indicates that the 
current educational system and career incentives 
must be made to work better. 

There are two d<^monstrably successful ways to 
recruit young peoplvi to science and engineering: give 
special science and mathematics enrichment pro- 
grams to selected students, and give all students 
good, enthusiastic teaching. An area of lively in- 
novation is informal education— science museums, 
television programs, camps, and other experiences 
outside the formal school system. 

In the near term, policies must work with exist- 
ing teachers, schools, textbooks, and equipment, in 
a system with multiple educational objectives. Truly 
significant change is difficult to achieve incremen- 
tally. In the longer term, substantial improvements 
in recruitment might come through full-scale revi- 
sion of elementary and secondary curricula, track- 
ing, testing, and course structure. Such sweeping 
change should be undertaken with all students and 
all purposes of education in mind (not just science 
and engineering), but would be hard to achieve 
given the scale of American education and the in- 
ertia of the existing system. 



1. Encourage Intervention Programs 

"Intervention programs," within or outside of 
schools, can increase participation in science and 
mathematics by raising students' interest, opportu- 
nity, and academic readiness for science or engineer- 
ing majors. Such programs are especially useRil with 



students at greater risk or disadvantage in regular 
classrooms and curricula. 

Most effective programs involve learning science 
by doing, rather than through lectures or reading; 
working closely with small groups of other students; 
contact with attentive advisors, mentors, and role 
models who foster self-confidence and high aspira- 
tions; and exposure to career information. Most pro- 
grams work at the junior high and high school levels. 
Many have great success in sending participants on 
to college and to science and engineering majors. 
Programs vary greatly in duration, intensity, and 
expense; they range from full-time summer research 
projects to occasional career seminars. The goal of 
most college-level programs is to help students com- 
plete their chosen science or engineering degrees. 
In addition to peer support and academic enrich- 
ment, college-level programs often sponsor scholar- 
ships, jobs, or research related to participants' 
majors. 

• Fund new, ongoing, and expanding interven- 
tion programs for students defined in various 
ways: female, minority, learning disabled, hand- 
icapped, gifted, and talented. 

• Encourage private investment in intervention 
programs, with matching incentives for Federal, 
State, and local government participation. 

• Encourage Federal research agt. cies to partici- 
pate in outreach programs. 

• Gather and disseminate information on inter- 
vention and on its lessons for formal education. 

The often impressive success of intervention pro- 
grams argues strongly for Federal financial and other 
support. These programs are labor-intensive, but not 
extremely costly. At the precollege level, annual 
budgets are usually several hundred dollars per stu- 
dent. College-level intervention programs, often in- 
cluding costs for scholarships, may budget as much 
as several thousand dollars per participant. They 
are easy to mount and evaluate on a trial basis, but 
rely heavily on gifted and determined teachers. The 
main issues are the extent to which funding inter- 
vention programs "compete** with funding for regu- 
lar education; where and to what extent Federal sup- 
port is warranted, given the extensive State and 
private activity; and the groups to be targeted. 

Most intervention programs serve limited popu- 
lations, especially the needs of girls and disadvan- 
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caged minority children/* A few enrich the educa- 
tion of "academically gifted" children, traditionally 
a fertile source of scientists and engineers. Greater 
investment in gifted students would likely increase 
the quality and quantity of science- and engineering- 
inclined students. Broadening the ways "giftednwos" 
is defined could produce a more intellectually di- 
verse pool of students than is presently created by 
the use of aptitude tests. A possible Federal role is 
to help identify students who could benefit from spe- 
cial programs, but who are not being served, and 
then CO let the interventions rake over. Most inter- 
vention programs reach only a few scudencs; a lo- 
cal program may reach 30 co 150 scudencs each year. 
A few of che mosc successful programs have received 
subscancial supporc from Scace governmencs and 
foundacions and have expanded cheir reaches scace- 
wide, and in some cases nacionwide, co chousands 
of scudencs. 

Incervencion cannoc compece wich or replace che 
regular classroom. The long-cerm goal is co change 
che mainscream school syscem so chac ic promoces 
success for all children in science and machemacics. 
Incervencion programs can exisc side by side wich 
diverse public and privace schools, providing alcer- 
nacives, experimencs, and enrichmenc oucside che 
classroom, as well as offering lessons for improving 
formal educacion. 

2. Bolster Elementary and Secondary 
Teaching 

There are no subscituces for good ceacbers. Edu- 
cacion reform depends on geccing becter ceaJiers and 
giving chem beccer supporc, in che forms of curric- 
ula, cexcbooks, machemacics and science super\ isurs, 
equipment, preparocion cime, and craining. From 
kindergarcen chrough graduace school, it is the 
ceacher who inspires or curns off che scudenc. 

• Increase supporc Co improve prcservice and in 
service ceacher craining. 



A((r.ic(tng and »uMaining (he uircror oi gtrl^ m ina(licnia(iv.d) i> .i 
recurrent (heme tn man) mier\en(iun prugram>. The uppi.*r(uiii(> u* 
c\pcricn(.c maihcmaiio m the prc^en(.e uf uiher gtrU 6ccmN (u change 
ihe learnmg process, rcmuvc the siigma aiiaclied to excelhng tu scliuul 
mathematics, nnd dxd sclf'Confidcncc and determination. Such a trans- 
formation will Iiavc to occur if mure girls, prescntl) the largest untapped 
resource in the talent pool, are to entcrtam the posMbilt:> uf «.areer> 
in fciencc or engineering. 



• Offer financial incencives and ocher rewards co 
science and machemacics minoricy ceachers 
(chrough awards, forgiveable loans for aspiring 
ceachers, a separace meric pay scale, or sup- 
plemencary allocacions co hire specialises). 

• Increase supporc for enrichmenc programs for 
ceachers, such as research parcicipacion ac Fed- 
eral laboracories. 

The qualicy of ceaching and ceachers is a peren- 
nial issue, as old as American schools. Alchough all 
fields need good ceachers, machemacics and science 
face parcicular difficulcies because of che rapidly 
changing nacure of che macerial, che desirabilicy of 
augmencing classroom inscruccion wich laboracories, 
and che sciff compecicion ceaching faces in accracc- 
ing qualified science and engineering majors away 
from R&D careers. An imminenc problem is a short- 
age of minoricy machemacics and science ceachers. 

A concroversy in machemacics and science ceacher 
craining is whecher fucure ceachers should be ex- 
pecced co have a baccalaureace degree in specialise 
subjeccs in addicion co some educacion craining. 
Many elemencary school ceachers earn baccalaure- 
ace degrees in educac'on, wich only pares of cheir 
programs devoccd co specialist machemacics and sci- 
ence courses.^^ 

Several groups active in che currenc reform move- 
menc have scudied che fucure of che ceaching profes- 
sion. The Holmes Group (an informal consorcium 
of educacion deans in research universicies) has ac- 
cachcd parcicular prioricy co upgrading elemencary 
and secondary ceachers' subject-specific knowledge 
by in;liiting that they have a baccalaureate in a sub- 
ject area. The group has called for much more 
subject-specific teaching, and for more subject- 
intensi\e preparation of those teachers.'' Parallel- 



^Tor example, virtually all elementary mathematics teachers .ind 
clcmcnt.iry »cience tcaclier» liavc a degree in a ^.uLjcct other than math 
ematics or science. At the high school kvc\, however, 40 percent of 
mathematics teacher.^ and 60 percent of science teachers have a de- 
grtv in those subjects, and another 36 and 24 percent, respectively, 
have either a degree tn mathematics and science education or a joint 
Jc-grc-c, t.c. one tluit combines a mathematics or »^.^cnce field iMth sci 
tiicc or matlicmatics education. Sec Iris R. ^X'ciss, Report ofth^ 19S5 
i>t S^tUuiutl Sun(.y o/'5cic/)cc ahJ Sljthciuati^s EJucjf/on {Rc'Aearch 
Triangle Park, N'C. Rescar».h Triangle Institute, \'o\ ember W87), ta 
blc 45. 

"Holmes Croup, Inc., Tonvjrrow *s Tcic/icts (East Lansing, MI. 
19S6). So far, onl> TcAas ha> reformed its certification requirements 
in this way. Starting in 1991, new entrants to the profession will need 
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ing these developments, the National Scien».e 
Teachers Association and the National Council of 
Teachers of Mathematics both require considerable 
amounts of subject-specific coursework of applicants 
for their own voluntary certification programs. Most 
important is the content, not the labeling, of the 
courses that students training to become teachers 
take (such as mathematics education), but the long- 
term trend is to emphasize specific skills for sperific 
subjects rather than an all-embracing "education" 
approach. 

Two issues face the Federal Government: to what 
extent and on what baiis does it enter the debate 
over whet has traditionally been a State (and lo- 
cal) prerogative; and how 'ioes it spend money ef- 
fectively on what works. A large part of the diffi- 
culty facing the Federal Government or any other 
octor trying to improve teaching is that society does 
not attach great distinction or revvard to teaching. 
It is not certain to what extent higher salaries^ merit 
pay, and c:hcr financial incentives attract and keep 
better teachers. While some teachers leave teach- 
ing because of low pay, many more probably leave 
because of poor working conditions. Teacher sala- 
ries have risen significantly since the education re- 
form efforts of the early 1980s^ although they con- 
tinue to lag other professions. Indications are that 
with national laments over a teaching "crisis" and 
"quality," incentives of merit pay and boosts in sal- 
aries and responsibility for teachers in mony schooS 
districts have increased student interest in teaching 
careers. 

The Federal Government has supported, especially 
through NSF summer institutes, inserviue training 
for mathematics and science teachers. Current in- 
service training is limited in scale and can do only 
so much. While the teaching force is well-qualified 
and informed about the most effective teaching tech- 
niques, it often fails to use them. Boring textbooks 
are widely used in unimaginative ways. Teachers are 
not encouraged to use te^ .iniques such as hands- 
on science. Teachers' training does not always cou- 
ple pedagogy to subject knowledge. 

The main needs are: 



to have both a subjci.t ipcvifi*. Jcgrcc an J a maximum of iiu more thaa 
18 course houtb in ^duLatioh. Lyn.* Oliou, "Tcxa^ Tcatlicr EJu^ator* 
in Turmoil Over Reform Li\^* T «. ^M^-uty' EJulmiuh \VVcA» vol, 
7, No. Dec. % ml. p. 1 



• to determine w hat makes for gocxl inservite and 
preservice education; 

• to give tlv: current teachin^j force much more 
inservic* education than it currently receiver; 

• to give ihQ current teaching force better access 
to research results and curriculum reform 
efforts; 

• to in.pose a science and mathematics education 
requirement un new science and mathematics 
teachers, as part of State certification; and 

• to recognize that elementary and secondary 
teachers have different problems and needs. 

Finally, accountability pressures on teachers must 
change to encompass pra.ess and not just outcomes. 
"Teaching to the test" has been emphasized in many 
schools at the expense of brouder educational ob- 
jectives. Schools, teachers' unions. States, school dis- 
tricts, and the colleges and universities that train 
teachers muse share responsibility for measuring ac- 
countability. 

The Federal Government has some limited influ- 
ence over teacher training through sup port for un- 
dergraduate education and through NSF programs 
in teacher preparation and enhancement Two ex- 
isting avenues could be used to bolster mathematics 
and science teaching: Title II of the Education for 
Economic Security Act ($80 million annually) and 
National Science Foundation programs ($22 million 
annually). NSF*s Teacher Enhancement Program 
needs to be expanded and should continue to em- 
phasize science and mathematics pedagogy tc^gether 
with content. Through inservice training and alter- 
native certification, the teaching ranks could be 
opened to those with mathematics and science ex- 
pertise who lack teaching degrees. 

Current Federal support for inservice training to- 
tals about $160 million per year, reaching perhaps 
10 CO 35 percent of science and mathematics 
teachers. Other mission agencies reach a small num- 
ber of teachers through a variety of programs. Ad- 
ditionally, of Federal education block grants for cur- 
riculum and staff development, OTA estimates that 
around 25 percent, or $10 million per year, go to 
science and mathematics teaching. 

^'!n contra5t. during the heyday of the N^attonal Science Founda« 
t<o(i'& >ctcni.c and ma(hcma(ii.» mmcr in^dCaic^t ihc WC)C^t Federal 
;>pcuding on (cather aainni); Ma> about $60 milltoii annually un 
do!lar») and rcM^hcd* o\cr (lie de\.adc» perhap$ half ihc M.tcncc (ea^her> 
in America. 
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3. Support Informal Education 

Education and exposure to science outside of 
school offer alternative ways to get children inter- 
ested in science. By augmenting classroom learning, 
science and technology centers— at least 150 in the 
United States alone— are excellent places for moti- 
vating Interest in science. Science centers also con- 
duct teacher training, especially for elementary 
science teachers. M'^ny audiovisual techniques, espe- 
cially science on television, are powerful teaching 
vehicles. Learning and research projects at camps 
and science fairs also reach children by offering a 
variety of sciences that cannot all be explored in 
the classroom. Together these sorts of experiences 
are known as "informal education." 

• Increase funding of science and technology 
centers, particularly for education and teacher 
training. 

• Increase funding of science television and other 
experimental teaching methods. 

In terms of the supply of future scientists and engi- 
neers, science centers are excellent at motivating, 
but not at enhancing formal learning. Their con- 
tribution is more for enlarging the pool at an early 
age. Outreach programs are increasing access to sci- 
ence centers by minority and disadvantaged stu- 
dents, and minority teachers. 

Current annual Federal support of informal edu- 
cation is about $13 million to $20 million for a va- 
riety of programs funded by NSF and the Depart- 
ment of Education. In addition, about $90 million 
to $100 million per year goes to bcience-rtlated 
Smithsonian and National Zoo museum and edu- 
cation programs. Other actors are local communi- 
ties. States, industry, and museum visitors (who pay 
to attend). Communities are quite successful at ini- 
tiating the operation of centers; a possible Feder' I 
role is to capitalize on this success for education. 

4. Improve Opportunities for Women 

Women have made significant inroads into sci- 
ence and engineering over the past 15 years, on the 
heels of equal opportunity activism and legislation. 
This progress varies grei^tly by field; women are a 
substantial proportion of biologists and social sci- 
entists, but are still scarce in engineering and the 
physical sciences. Overall, women*s interest in earn- 



ing science and engineering degrees seems to be 
plateauing. This fact causes congressional concern, 
not only for reasons of equity, but because women 
could substantially augment the research work force 
if their interest in research careers burgeoned. Sev- 
eral factors combine to turn women away from sci- 
ence: p irvasive, accumulating societal bias at home, 
in school, and among friends against the notion of 
girls as good science and mathematics students and 
against women as research scientists and engineers; 
difficulty juggling family responsibilities with grad- 
uate education and especially research; the disincen- 
tives of the often second-rate career opportunities 
and salaries for women in science and engineering, 
and weaker academic preparation than men through 
secondary school and college, particularly in science 
and engineering (which, to some extent, is a func- 
tion of the first two factors). 

Raising women's interest in science and engineer- 
ing careers could go far toward compensation for 
the projected decline in bachelor's recipients in these 
fields. The research potential of women is great, 
though they still face pervasive social and economic 
barriers. 

• Enforce more stringently Title IX of the Edu- 
cation Amendments of 1972 and other equal 
opportunity legislation.*^ 

• Support intervention programs for women at 
all levels. 

• Fund special fellowships and undergraduate re- 
search opportunities for women. 

Federal legislation, in particular Title IX of the 
1972 Education Amendments, has provided leader- 
ship, law, and most importantly a national commit- 
ment to sex equity, and has impelled substantial so- 



'Title IX prohibits sex discrimination tn education. Other related 
Federal legislation includes: 

• The Women's EduLatiunal Equity A^t of 1972 supporting dissem- 
ination of model materials that promote women*s educational 
equity; 

• Title IV^ of the 1964 Civil Rights Act providing support to States 
(and originally to local education agencies and training institutes) 
to comply with Federal laws prohibiting diSLrimination in Federal 
programs, Title VII of this act prohibits disLnmmation on the ba- 
sis of Sex; and 

• Carl D. Perkins Vocational Education Act of 1984 requiring States 
to set aside funds for programs for women. 

Scc PatriLia A. S^hmuLk, "Administrative Strategies for Implement 
ing Sex Equity," Handbook for Achieving ScV Equity Through Edu- 
cation ^ Susan S. Klein ^ed.) ^Baltimore, MD: TTie Johns Hopkins Univer' 
sity Press, 1985), pp. 119-120. 
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cial and economic changes. Title IX eliminated overt 
discrimination and encouraged equitable treatment 
of men and women both inside and outside educa- 
tion. The greatest gains of women in science (and 
other traditionally male professions) were made dur- 
ing the early days of Title IX, during broad inter- 
pretation of the legislation, vigorous enforcement, 
national leadership, and social fervor. 

Since its passage, enforcement of Title IX has les- 
sened, grant support for its implementation under 
the Women's Educational Equity Act has been re- 
duced, and its applications have been narrowed by 
Federal and court rulings.^^^ Inequitable access and 
discrimination still exist in education and research, 
as in the rest of society. 

The past clear success of Title IX in reducing dis- 
crimination and encouraging women to enter non- 
traditional fields argues that, to encourage further 
participation of women in science and engineering, 
the Nation recommit itself to equity and enforce Ti- 
tle IX and related legislation.^* Rigorous enforce- 
ment is essential to eliminate barriers to careers for 
women in science and engineering as in other fields. 
This should require little new funding; most of the 
achievements of Tide IX were made through changes 
in practice rather than Federal appropriations for 
new programs. 

In addition to sex equity and civil rights legisla- 
tion, the Department of Education, NSF, and mis- 



^^In 1984, the U.S. Supreme Court ruled in Grove Cny College v 
BcU that Title IX applied only to the specific program that was feder- 
ally funded, not to the entire institution that housed the program. 
Repeated legal challenges from women's and education interest groups 
have cited lax enforcement of Title IX b> the Department of Educa 
tion. Recent legislation hab restored the original intent of the civil rights 
legislation. 

Funding for model education programs under the 197*1 Women's Edu* 
catton Equity Act and for technical support for compliance under Ti 
tie IV of the Civil Rights Act declined substantially in the l^SOs Fund 
ing for the Department of Education Office of Civil Rights has declined 
Sec Phyllis \V. Cheng, University of Southern California, "The New 
Federalism and Women's Educational Equity," doctoral dissertation, 
December 1987, pp, 44-51. 

About half the States have laws that cover part or all of Title IX; 
of these, 13 have broad gender equity laws similar to Title IX. State 
Title IX officers cite Federal Title IX legislation as more important than 
State legislation in achieving educational equity. "State sex equity in 
education laws are merely an addition to existing Federal provisions, 
not a replacement for them." Sec Phyllis W. Cheng, Project on State 
Title IX Laws, Los Angeles, CA, "Can Educational Equity Survive 
Under the New Federalism.^" unpublished manuscript, November i')87, 
pp. 14, 16. 



bion R&.D agencies also are charged with awarding 
fellowships and research grants equitably. Equity is 
part of a Federal package that also includes support 
of effective programs discussed earlier, especially in- 
tervention programs for women at all levels, and 
special fellowships and undergraduate research op- 
portunities for women. 

5. Improve Opportunities for IVIinorities 

In comparison with women, non- Asian minorities 
(particularly Blacks) have made little progress in sci- 
ence and engineering education and careers. Only 
in the social sciences and health-related fields are 
there significant numbers of Black or Hispanic re- 
searchers. The civil rights victories of the 1960s and 
the resulting legislation raised awareness and 
launched programs, but entrenched social and eco- 
nomic barriers still deter many Blacks. Equal op- 
portunity for participation in higher education and 
in research for all groups is a long-term social goal 
that will be achieved only with steady national com- 
mitment and investment. 

• Enforce more stringently civil rights legislation. 

• Expand support of intervention programs, par- 
ticularly at the precoUege level. Redistribute sup- 
port for intervention programs among the De- 
partment of Education, NSF, and the mission 
agencies. 

• Move the Minority Institutions Science Im- 
provement Program from the Department of 
Education to NSF, which knows how to tar- 
get and spend "science doilnrs" fruitfully. 

• Support the HBCUs in all ways, from infra- 
structure to faculty and student assistance. 

Title VI of the Civil Rights Act of 1964 prohibits 
discrimination on the basis of race, color, or national 
origin in federally-funded programs. Enforcement 
timetables and procedures by the Department of 
Education were mandated by Adams v. Califano 
(1977), and by Adams v. Bell (1983), but enforce- 
ment by the Department of Education's Office of 
Civil Rights and the Department of Justice has been 
lax." 



L'.S. Congre.ss, House Committee on Government Operations, 
F.ii lu rc .1 n J Fr.i uJ in Cml RighOf Enf^jri^cmcnt by cht. Dispart m <.nc of 
EJucifion i\X'abhingtc'.», DC. U.S. Government Printing Office, 1987). 
A\bo bee Scott Jaichik, "Clvl^Right^ Groups Absail \J S. Ruling That 
4 States Comply With Bias Laws," T/il C/iron/c/t of Higher £Ju c<i 
f/on, vol. 34, No. 23, Feb. 17, 1988, pp. Al, 24. 
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6. Invigorate Elementary and 
Secondary Education 

Policy initiatives to modify the structure of elemen- 
tary and secondary education must be long-term, 
systemic measures. Reform in several areas— magnet 
schools, science'intensive schools, curricula and 
course-taking, tracking, and testing— could substan- 
tially improve and extend precollege science and 
mathematics education. Many have tried to improve 
education by changing some of its basic components, 
such as the school calendar, curriculum, teaching 
practices, class size, textbooks, grade promotion, and 
structure of the schools themselves. Many of these 
innovations have benefited the children they reached; 
much has been learned from the failures as well. 
However, most education reform makes little last- 
ing difference. Most innovations, such as magnet 
and science-intensive schools, reach only a few per- 
cent of students. Even reforms in curricula and test- 
ing, which have the potential to reach all students, 
in practice reach only a few because of the domi- 
nance of the existing course structure and tests. The 
education system is large, with current practices and 
incentives firmly established. 

The areas discussed here hold great, albeit uncer- 
tain, potential for -he quality of science and math- 
ematics education. Pursued at their current level and 
without accompanying changes in the education sys- 
tem that must adopt such reform, they can have 
only limited impact on limited numbers of students. 
Realizing the full potential of these reforms would 
require full-scale renovation of the existing system, 
from teaching and testing to course structure and 
content, with the substantial uncertainty and po- 
litical challenges such an initiative would raise. Such 
full-scale reform would undoubtedly have unex- 
pected impacts on education, far beyond science and 
mathematics education. As a result, while such re- 
form is desirable given the dismal :;tate of U.S. 
elementary and secondary science and mathematics 
education, it should be pursued increment all, ^nd 
carefully, but vigorously, 

Magnet Schools.— Magnet schools are designed 
to desegregate school districts by offering special 
courses of study that attract students of different 
races. About one-quarter of these special schools em- 
phasize science, mathematics, computer science, and 
pre-engineering. Magnet school programs are de- 



vised and operated by local school districts. They 
are funded by States and school districts. To sup- 
port the special costs entailed in the process of ra- 
cial desegregation, the Federal Government has also 
funded such programs, but the main actors are 
States and school districts. 

Many science and mathematics magnet schools 
provide high quality mathe.natics and science in- 
struction for those enrolled in them. Many empha- 
size hands-on learning. Magnet schools probably sus- 
tain those students who are interested in science and 
engineering, and deter those who are not interested. 
Magnet schools increase the racial and ethnic diver- 
sity of science and mathematics students by bring- 
ing courses to science-starved areas, and by sorting 
students by their enthusiasm as often as by achieve- 
ment. Magnet schools may socially set science and 
mathematics students apart from the rest to create 
a climate of intellectual support by peers and 
teachers. These schools also cost somewhat more 
than routine schooling. 

The Federal Government could promote magnet 
schools on a basis other than that of racial desegre- 
gation (as is already proposed). Promoting magnets 
would probably improve the quality and variety of 
students planning science and engineering careers, 
but would not much increase the number of inter- 
ested students. Current Federal support of magnet 
schools is about $75 million annually from the De- 
partment of Education, under Title VII of the Edu- 
cation for Economic Security Act, awarded com- 
petitively to a very limited number (less than 
one-half of I percent) of the largest school districts. 

Science'Intensive Schools and Other Experi' 
ments.— The academic environment of special high 
schools can provide studenis interested in science 
and mathematics with excellent educations, and give 
them early exposure to and encouragement in re- 
search careers. They are powerful environments for 
the few students they serve. Such science-intensive 
programs and schools are State showpieces, dem- 
onstrating the virtue of encouraging the best and 
most eager. However, they reach only a tiny frac- 
tion of students. 

Alternative social organizations of schools are also 
possible. For example, academically-bound students 
from several high schools could be brought together 
in one school or during the summer. Universities 
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or community colleges could take over grades 1 1 and 
12, and provide instruction at public expense. It is 
not clear that Federal support is needed, since States 
seem to be forging ahead; more appropriate Federal 
roles might be research and technology transfer. 

Course-taking.— Taking advanced science and 
mathematics courses in high school is crucial to pre- 
pare students for science and engineering majors in 
college. But failure to take such courses in high 
school should not bar students from later partici- 
pation in science and engineering. Community col- 
leges and universities are offering more stepping- 
stone preparatory and remedial courses. Such alter- 
native course-taking places additional and generally 
unwelcome burdens on universities and may unduly 
discourage course-taking in high school, although 
the number of college-level high school courses (for 
example, advanced placement calculus) is rising. Ac- 
cess to such advanced courses by many students, 
particulaily those in inner-cify and rural schools, 
is limited. Finding a better "math path" for the 
majority of students is essential. Removing the 
stigma of succeeding in such courses, especially 
among girls, and linking interest in mathematics 
with aspirations to a scienc - ngineering career 
are central to improving couibe-taking patterns. 

Taking more advanced courses (assuming they are 
taught well) probably enhances the quality and in- 
creases the number of students available for science 
and engineering majors. Imposing course require- 
ments, however, puts a burden on teachers who may 
not be qualified, and may undermine provision of 
other good opportunities, such as hands-on ex- 
periences. 

Access to more courses by more students does not 
automatically produce more learning or interest. The 
issue is whether to offer, recommend, or require 
more science and mathematics courses in high 
school. The proper balance lies somewhere between 
building on existing interest and fostering it through 
mandatory exposure. 

Recognize the Strengths and Weaknesses of 
Tracking.— Given the continued existence of com- 
prehensive education to age 18, differentiating and 
sorting of students by abilities, interests, and prep- 
aration are inevitable. Some form of tracking is prac- 
ticed everywhere, but its potency and rigidity are 
declining. In mathematics and science, tracking 



favors those who show early, recognizable academic 
talent and are selected into the college-bound, 
mathematics- and science-intensive path of the aca- 
demic track. When practiced from an early age, 
tracking erodes the self- confidence of lower-tracked 
students and can cramp academic potential, often 
suppressing the exp. 'on of talent when applied 
too rigidly. 

The need is to break down the rigidity of tracks, 
build pathways between them, and improve the sort- 
ing of talent between tracks. Tracking based exclu- 
sively on IQ and multiple-choice achievement tests 




Photo credit: William Mills, Montgomery County Public Schools 



The curriculum develcoment projects funded by the 
National Science Founaatlon in the 1960s, such as this 
one in physics, have generally proved to be successful, 
but only when teachers have been well trained and 
supported in the use of the new materials. 
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penalizes some groups of students. Although the 
alternatives lie in the hands of schools and teachers, 
the Federal Government could do the following: 

• provide incentives, including financial ones, for 
school districts to improve the efficiency of sort' 
ing between tracks and to use better techniques 
for identifying potential talent; and 

• continue to fund and disseminate research on 
tracking, and its particular effects on mathe^ 
matics and science instruction, and on women 
and minorities. 

Revise Testing Procedures and Tools.— The cur- 
rent national system of testing, which relies on 
standardized multiple-choice questions, is simple to 
administer, inexpensive, and is seen as largely scien- 
tificially objective. It has many harmful effects, how- 
ever. It puts pressures on teachers to "teach to the 
test," and on students to learn for the test, emphasiz- 
ing parrot-like repetition of facts at the expense of 
so-called higher-order thinking skills. It appears also 
to discriminate against those not exposed to certain 
courses and lacking test-taking skills. In mathematics 
and science, it emphasizes the contemporary belief 
that science is a system of facts to be memorized, 
rather than a system of tentative beliefs and a frame- 
work for understanding natural phenomena. 



Testing could be improved by emphasizing: 

• written responses, as well as multiple-choice 
questions; 

• higher-order thinking skills, i.e., deductive and 
lateral thinking;^^ 

• oral skills, using oral tests; and 

• experimental and deductive skills, by doing ex- 
periments and practical manipulations in ex- 
aminations. 

The most likely Federal role in testing reform is sup- 
porting research on alternative forms and uses of 
testing, and in disseminating "better" tests. Refine- 
ment of the National Assessment of Educational 
Progress should continue, with special emphasis on 
eliminating any gender and ethnic biases and a search 
for more useful, wide-ranging test instruments.^"* 



'The National Research CounLiPs Committee on Indicators of 
Prccollege Science and Mathematics Education has proposed a national 
research center to facilitate the creation of student and teacher tests, 
ebpecidllv measures of the higher-order thinking skills of students in 
kindergarten through grade five. These would augment, if not replace, 
multiple-choice tests. See National Research Council, Improving In- 
dicators of the Quality of Science and Mathematics Education ;n Grades 
/v (Washington, DC. National Academy Press, 1988). 

'^See FairTest Exammer, 'TairTest Wins NAEP Reforms. More 
Problems Remain," winter 1988, p. 3. The National Assessment of 
Educational Progress has alreadv begun testing of hands-on skills in 
science. 



MANAGEMENT OF FEDERAL SCIENCE AND ENGINEERING 

EDUCATION 



Federal agency leadership and interagency Loordi- 
nation are needed to raise the visibility of science 
and engineering educaticn. The collection, dissem- 
ination, and use of data for evaluating outcomes and 
developing new programs are essential for improving 
the reach and content of science and engineering 
education. 

1. Strengthen National Science 
Foundation Leadership in Science 
Education 

Federal responsibility for the long-term health of 
the system of science education, from the early 
grades through postdoctoratt .udy, rests in the 
hands of NSF. NSF has been the lead agency, ever 
since its inception, in Federal initiatives to improve 



science education, and has administered most Fed- 
eral science and engineering education programs. 
Such programs form part of NSF*s overall mission 
to support the education and training of research 
scientists and engineers and to promote basic re- 
search. 

Under its broad charge, NSF has supported, 
largely through the Science and Engineering Edu- 
cation (SEE) Directorate, a range of efforts to im- 



■'^The National Institutes of Health spend more on such programs 
than the National Science Foundation does, although this funding is 
concentrated on graduate and postgraduate education. Other agen- 
cies also spend significant sums on education programs, primarily in 
order to interest young students in scientific and engineering careers 
or to channel students mto particular fields. 
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prove precollege and college science and mathe- 
matics education including: 

• teacher institutes; 

• curriculum development; 

• student research; 

• research, evaluation, and testing of advanced 
teaching technologies; and 

• encouragement of partnerships among business, 
industry, professional associations, civic groups, 
and local schools to sustain the above ac' 
tivities.^^ 

In addition, NSF has supported the familiar gradu- 
ate fellowships, RAs, and traineeships administered 
by the research directorates. 

Having a strong, central, competent, committed 
administrative home is crucial to the implementa^ 
tion of Federal science education programs. In addi- 
tion, because of the local nature of American edu- 
cation, a visible national focus is important to 
provide leadership to support, inform, and capital- 
ize on the many local initiatives that dominate 
American education. At NSF, with its commitment 
to the basic research community, the traditional em- 
phasis on research and graduate education has been 
largely divorced from its elementary, secondary, and 
undergraduate education programs. 

• Reinforce NSFs role as lead agency for Federal 
science and engineering education activities by 
altering NSF*s administration of these activities. 

• Require NSF to employ more staff experienced 
in the practice of elementary and secondary 
education in schools, school districts, and State 
education agencies, rather than those recruited 
from research environments in higher edu- 
cation. 

There is no single home or central coordination 
for human resource programs at NSF. In addition 
to the SEE Directorate, considerable funds are spent 
by the other directorates on education and human 
resource programs and by research grants th^t fiind 
RAs. NSF regards teaching and research to be in- 
separably related activiaes at the higher level of the 
education system, and is sensitive to the variability 
of educational problems from discipline to discipline. 



^*Bcn Brodinsky, Improving Math and Science Education: Problems 
and Solutions (Arlington, VA: American Association of School Ad' 
ministrators, 1985). 



Thus, NSF considers it best for the research direc- 
torates to control programs with joint educational 
and research objectives. 

Consider the main types of NSF programs that 
contribute to science and engineering education: 

• direct support of educational initiatives, such 
as teacher institutes, curriculum development, 
and fellowships; 

• support for research activities that have educa- 
tional benefits, such as research projects in 
general or research participation by particular 
groups (such as undergraduates, high school stu- 
dents, or teachers); and 

• support to enhance the opportunities for cer- 
tain populations and types of institutions to do 
high-quality research through grants designed 
to improve or sustain research capability. 

Taken together, support for these activities is often 
labeled as being for "Education / and Human 
Resources." NSF s fiscal year 1988 spending for pro- 
grams of this kind will be over $350 million, of which 
$139 million is spent through the SEE Directorate. 
The difference between these two sums arises from 
the education and human resource spending of the 
research directorates, which includes programs in 
undergraduate science education, the Presidential 
Young Investigator program, and other programs 
intended to provide seed and institutional research 
support for either specific groups of researchers or 
institutions. Even then, NSF^s designation of Edu- 
cation and Human Resources does not include the 
amount of NSF research awards that is spent on 
providing RAs to graduate students (an estimated 
$120 million in fiscal year 1988). At the precollege 
level, the research directorates spend nothing, so 
all of that funding comes from SEE. Table 4-4 indi- 
cates the distribution of these funds by educational 
level, showing that the bulk of the broad category 
of "Education and Human Resources" funds goes 
to graduate and postgraduate education. 

NSF spending on science and engineering educa- 
tion through SEE has fluctuated (see table 4-5, for 
fiscal years 1 983- 1 988). Its golden years were the late 
1950s and early 1960s, when never less than one- 
third of NSF's total budget went to its SEE Direc- 
torate. In later years, although SEE spending in- 
creased (reaching a peak of $134 million in fiscal year 
1968), overall NSF spending rose even faster, giv- 
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Table 4-4.— National Science Foundation Fiscal Year 1988 Spending and Fiscal Year 
1989 Requested Funding for Education, by Level of Education 
(In millions of dollars) 



Funds from the Funds from other 

SEE Directorate Directorates 





1988 


1989 


1988 


1989 


Precollege 


$90.0 


108.5 


0 


0 


Undergraduate 


19.0 


23.5 


21.0 


41.4 


Graduate fellowships, etc. 


30.3 


24.0 


2.5 


2.7 


research assistantships 


0 


0 


119.0 


125.0 










(est.) 


Postdoctoral, including Presidential 










Young investigators 


0 


0 


52.9 


58.7 


Research initiation and broadened 










participation in research 


0 


0 


22.7 


27.0 


Totals 


$140 3 


156.0 


217.1 


255.0 



SOURCE. Office of Technology Assessment estimates ba$)d on personal communications with the National Science Foun> 
dation. Office of Budget. Audit, and Control. 1988. 



Table 4>5.-- Requests, Appropriations, Spending, and Unobligated Funds for the 
National Science Foundation's Science and Engineering Education Directorate, 
Fiscal Years 1983-88 (In millions of dollars) 









Fiscal years 








1983 


1984 


1985 1986 


1987 


1988 


Request 


SI 5.0 


$39.0 


$75.7 $50.5 


$89.0 


$115.0 


Appropriation 


30.0 


75.0 


87.0 55.5 


99.0 


139.0 


Actual spending 


16.0 


57.0 


82.0^ 84.0 


99.0 




Unobligated 


14.0 


32.0 


32.0 - 







(carried forward) 

^In fiscal year 1985. $5 million was transferred by the Science and Engineering Education Directorate to the Biological, be 
havioral. and Social Sciences Directorate for support of a program on Research tn Teaching and Learning 

SOURCE. Laurie Garduque. "A Look at NSF's Educational Research Budget." Educational Researcher, June-July 1987. pp 
18-19, 23. Based on National Science Foundation Budget Summary, Fiscal Year ?9S3{and annual volumes through 
1988). 



ing education a declining share. After fiscal year 
1968, SEE spending fell every year until 1974, and 
held level in the 1970s at about $60'$80 million an- 
nually. In fiscal year 1982, the Reagan Administra- 
tion attempted to cut out NSF's education spend- 
ing altogether; at its nadir, the SEE Directorate 
funded only a reduced program of graduate fellow- 
ships. Since 1982, however, the SEE Directorate has 
slowly been resuscitated and will be funded at $139 
million in fiscal year 1988. This appropriation, in 
actual dollars, is the largest ever in the history of 
SEE. The majority of SEE's spending is on K-12 
programs. 

Table 4-5 indicates that, in each year from 1983 
to 1988, Congress appropriated between 10 and 100 
percent more than NSF requested for the SEE Direc- 



torate. It also indicates that, in fiscal years 1982-1984, 
NSF did not spend all that it was appropriated and 
carried forward never less than 35 percent of each 
year s appropriation to the next fiscal year. Data on 
education spending in the research and related direc- 
torates appear in table 4-6. It is estimated that, in 
fiscal year 1987, NSF spent over $200 million on 
education in these directorates. 

Persistent issues that arise in NSF^s science and 
engineering education programs are: 

♦ The balance to be struck between programs for 
the elite of potential researchers and the mass 
of science learners in schools and colleges who 
are less likely to become scientists. A recent con- 
gressionally mandated review urged that NSF 
"take the lead nationally in broadening the base 
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Table 4-6.— National Science Foundation Education Spending by the Research and 
Related Directorates, Fiscal Years 1982-87 (In millions of dollars) 









Fiscal years 


















1987 


Level of education 


1982 


1983 


1984 


1985 


1986 


(est.) 


Postdoctoral 


$43.0 


$44.2 


$51.0 


$56.5 


$56.0 


$58.4 


Graduate students 


72.2 


76.6 


90.8 


102.3 


107.0 


115.4 


(Including RAs) 














Undergraduate: 














Students 


n.a. 


n.a. 


n.a. 


7.9 


8.0 


19.5 


Faculty 


1.0 


1.0 


8.2 


10.2 


12.4 


15.9 


Totals 


116.2 


121.8 


150.0 


176.9 


183.4 


209.2 



RAs - research asslstantships. 
n.a.- not available. 

SOURCE- National Science Foundation Office of Budget, Audit, and Control, personal communication to Office of Technol- 
ogy Assessment, January 1988 



of science learners as their primary mandate 
rather than *skimming the cream'. 

• The coordination of NSF education programs. 
Education groups, such as the National Science 
Teachers Association, urge that all funding for 
K'12 and undergraduate science and engineer- 
ing education should be coordinated under a 
single head. NSF argues that the unique nature 
of advanced education in the sciences and engi- 
neering, which involves the union of teaching 
and research, means that some education func- 
tions are best conducted through the research 
directorates, 

• Concern that the rt search-oriented culture of 
NSF skews the operations of SEE and other sci- 
ence education activities, and discourages SEE 
from undertaking any kind of replication of suc- 
cessful programs in favor of one-of-a-kind "ex- 
perimental" research projects. 

• Concern about transfers of funds from SEE to 
the research directorates, to be spent on re- 
search rather than education. Other than a $5 
million transfer in fiscal year 1985 for a program 
of research in teaching and learning, there is 
no evidence that such transfers have occurred. 

As it stands, particularly in the undergraduate 
area, science and engineering education appears to 
gain a bonus from the education programs con- 
ducted in the research and related directorates. In 
the case of undergraduate science education, NSF 



^'Michael S. Knapp ct al., Opportunnies for Strategic Investment 
m K'l2 Science Educattom Options for the National Science Founda- 
tion, vol. 1 (Mcnio Park, CA: SRI International, June 1987), p. 6. 



has created a new Office of Undergraduate Science, 
Mathematics, and Engineering Education to coordi- 
nate activities from all across NSF. Because NSF 
does use funds from research directorates to fund 
science and engineering education, there is a dan- 
ger that any increases in the annual appropriation 
to the SEE Directorate will merely displace spend- 
ing from the research directorates and not lead to 
a net increase in science and engineering education 
spending. For example, in fiscal year 1988, some 
activities, such as undergraduate curriculum reform 
efforts that were to be funded through the research 
directorates, will be funded through SEE (although 
the funding will still be controlled largely by the rele- 
vant research directorates). In fiscal year 1988, such 
reallocation of spending will only amount to a few 
million dollars. 

Given the history of science education at NSF, 
som-.* believe that its priority v.^ill be assured only 
by creation of a separate board, patterned on the 
National Science Board. Such a board would over- 
see al! science education activities. Whether this 
board would be of status equal to the National Sci- 
ence Board, and how its decisionmaking and bud- 
get authority would be reflected in a revised table 
of organization for the National Science Founda- 
tion, are just two issues that deserve serious con- 
gressional consideration. A separate board would 
ensure that funding for science and engineering edu- 
cation and other human resource programs is cen- 
trally coordinated through the SEE Directorate, 
rather than being dispersed across the research direc- 
torates of NSF. 
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2. Improve Federal Interagency 
Coordination and Data Collection 

Coordinating related programs among Federal 
agencies is a perennial problem in all mission areas, 
not just education and research. To facilitate coordi- 
nation, information sharing, and to avoid fruitless 
duplication, Congress has mandated various forms 
of organized consulting mechanisms, such as inter- 
agency coordinating committees. Ad hoc, informal 
communication among colleagues— telephone calls, 
meetings, etc— is as important as formal commu- 
nications. Coordinating committees have been most 
commonly used in areas undergoing significant 
change, such as areas of new Federal involvement 
and regulation, or with important public or foreign 
policy interest (such as biotechnology). In science 
and engineering education, there seems to be no 
such motivation for extensive formal coordination. 
Congress could change the tone, if not the motiva- 
tion, for interagency coordination. 

Using the unique aspects of the education pro- 
grams sponsored by the mission agencies could be 
an essential part of coordination. Regional labora- 
tories and centers often develop close ties to local 
schools and universities. Mission R&D has an in- 
herent attraction to youngsters (for example, space, 
aeronautics, and nuclear power) lacking in the basic 
research that NSF funds. The mission agencies also 
monitor and analyze their personnel needs, as in 
the Department of Energy-supported data series on 
energy-related manpower. (Although not a Federal 
agency, the Institute of Medicine likewise sets a high 
standard with its analysis of biomedical and be- 
havioral research personnel supply and demand.)"^ 
Such planning may be easier to do in a narrow, 
applications-oriented field than for science and engi- 
neering as a whole. 

Mission agencies should have the authority and 
funds to capitalize on their strengths, including sci- 
ence education. Often they must scavenge educa- 
tion money from research programs. NSF is needed 
to ensure the renewal of the research work force for 



^^U.S. Department of Energy, Energy-Related Manpower l%6 
(Washington, DC: annual); and Institute of Medicine, Pcrsonnc/ Needs 
in the Biomedical and Behavioral Sciences 1987 (Washington, DC. 
biennial). 



basic, long-term research; the mission agencies need 
to handle their shorter-term, more volatile science 
and engineering personnel needs. 

There is also no comprehensive and systematic 
summary of all Federal science and engineering edu- 
cation programs. Many Federal agencies involved 
in scientific and engineering activities have educa- 
tion programs, but these programs are not centrally 
coordinated. The National Science Foundation col- 
lects and publishes reliable data on the funding pro- 
vided by each Federal agency for R&D at universi- 
ties and for support of graduate students. These data 
also include funding for instructional equipment. 
Although NSF has historically been the lead agency 
for science and engineering education programs, 
more funds for such programs are provided by NIH 
than by NSF. 

• Raise the level and visibility of interagency plan- 
ning and coordination of science and engineer- 
ing education programs. Foster informal ex- 
changes of ideas and information among NSF, 
the Department of Education, and the mission 
agencies. Establish a Federal coordinating com- 
mittee on science and engineering education 
among these agency representatives. 

• Attach higher visibility to science and engineer- 
ing education programs (and possibly expand 
them) in R&D mission agencies by requiring 
reports or by giving such education programs 
line items in budget proposals. 

• Require NSF to assemble a biennial icport on 
the overall state of Federal programs in science 
and engineering education. Or ask the Office 
of Management and Budget to do a special bud- 
get analysis on Federal science and engineer- 
ing education, which would tabulate the net re- 
sult of all types of programs, categorized by level 
of education and the destination of funding (in- 
cluding students, faculty, and institutions). 

• Support data collection, analysis, and dissemi- 
nation at the Department of Education and 
NSF, especially longitudinal studies. 

• Redivide NSF and Department Education 
data responsibilities by mandating reports, al- 
lotting budgets, and requiring the Department 
to collect science and engineering education 
data. 
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• Continue to revamp the Npfional Center for 
Education Statistics.^^ 

• Improve the use of education data, in particu- 
lar, information dissemination and technology 
transfer of successful research and practice. Ex- 
pand the Department of Education's National 
Diffusion Network and support networking ef- 
forts (through agency funding of newsletters, 
professional societies, and conferences). 

Department of Education 
Contributions 

Occasional proposals have been made to move 
lead Federal responsibility for precollege science and 
mathematics education from NSF to the Depart- 
ment of Education. Proponents of such a step cite 
the massive funding that flows through the Depart- 
ment, and its extensive ties to local school districts 
and other education authorities. The Department 
of Education has been concerned mainly with the 
welfare of the education system as a whole. The large 
formula grant and student aid programs it admin- 
isters already make substantial demands on its re- 
sources. As the agency most closely associated with 
the scientific research community, NSF has re- 
mained the administrative home of, and lead agency 
for, precollege science and engineering education. 

At the undergraduate level, the Department of 
Education could enlarge its contribution through 
greater emphasis on science and engineering pro- 
grams and students, for example, by using its re- 
sources to advertise and build on NSF pilot programs 
and research. The Department also administers pro- 
grams to develop local activities in science and engi- 
neering education, primarily under Title II of the 
Higher Education Act of 1965. Such programs to 
support science and engineering dents as a pop- 
ulation meriting special attention in the national 
interest could be expanded. But shifting primary 
responsibility to the Department, given the changes 
in mission, spending, and staffing that would be re- 
quired, seems unwarranted at this time. 



National Research Council, Crcntm^ d Center for EJuLddun St,i 
(isulS. a Time for Aetton (Wabhingtun, DC. Katiurwl AtdJcmy rrc^!>, 
1986). 



Federal Programs: 
Data and Evaluation 

Several studies have looked at the provisions of 
all Federal agencies for a particular aspect of science 
and engineering education, and some agencies 
publish reports that describe their own programs/' 
Appendix B lists the major Federal science and engi- 
neering education programs along with their cur- 
rent levels of effort and estimated numbers of stu- 
dents or instilutions served. While collating such 
information on a regular basis would take time and 
money, it might help Federal policymakers coordi- 
nate the regions, populations, and institutions af- 
fected by Federal programs and to identify groups 
that have "fallen through the cracks" of the differ- 
ent agencies. A one-time in-depth review of science, 
mathematics, and engineering education support, 
including the role of agency research programs in 
education, might also be fruitful. 

The Department of Education and NSF have long 
collected data relevant to their respective missions— 
the Department of Education on the condition of 
elementary, secondary, higher, and vocational edu- 
cation, and NSF on higher education of research 
scientists and engineers.^^ Three national longitu- 
dinal studies have provided valuable information 
on students moving through the educational sys- 
tem.** NSF data and analysis on U.S. science and 
engineering is widely used and internationally emu- 



^''Scc, for example, U.S. General Accounting Office, No Federal 
Prugrdmi Arc DeagncJ Primarily to Support Engin(\.nng Edin^dnon, 
But Many Do, GAO/rAD'82-20 (Washington, DC. U.S. Government 
Printing Office, May H, 1982); and U.S. General A<'counting Office, 
IjiMverbity Funding* Federal Funding Mcthantims in Support ofUtwet' 
iify RcscarJ), GAO, RCED'86'53 (Vashinfiton, DC. U.S. Govern 
ment Printing Office, February 198Cy. 

"See, foi example, U.S. Department of Energy, University Research 
and S<.ientiftc EduLation Programb of the U.S. Department of Energy » 
DOE, ER '^290 iWaihingtun, DC. U.S. Government Printing Offi*.e, 
September 1986). The National Science Foundation collects extensive 
information on its own programs and publishes some of it. 

'A 1987 Rand Corp. study to explore indicators for the perform- 
.iriLL of prcLolIcgc mathemat.wi and bLicntc education in the United 
States called for development of a comprehensive indicator system and 
offered several options for improving the National Science Founda- 
tion's current ad hoc data collection and analysis efforts. See Joseph 
Haggin, "Assessment of Precollege Science Training Probed," Chemi' 
cal & Engineering News, Oct. 12, 1987, pp. 20-21. 

'^hese are the National Longitudinal Survey (following the 1972 
high bdioo] senior lLiss), High SJiooI and Ik>ond (following 1980 high 
school sophomores «ind seniors), and the National Education Longitu 
dinal Survey (beginning in 1988). 
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latcd. In general, however, the production of sta- 
tistical and evaluative information on education has 
declined noticeably in the last decade.'^ 

Data help policymakers identify trends and evalu- 
ate the impact of programs. However, large amounts 
of new national'level data would be expensive and 
are not desperately needed. New data collection is 
a burden to Federal agencies and the information 
sources (usually schools and universities); education 
data from mission agencies should minimise new 
reporting requirements (information can be extracted 
from existing proposal and reporting data). System- 
atic evaluation of education programs would pro- 
vide accountability and information on what works. 
(There are some models: at the precollege level, the 
Department of Education's What Works series, and 
in higher education, evaluations of NSFs Science 
Development Program and University-Industry Co- 



^U.S. General Accounting Office, Bducsition Information: Changes 
in Funds nnd Priorities Have Affected Production and Quaiityt 
GAO/PEMD.88.4 (Washington. DC: U.S. Government Printing Of- 
ficc, November 1987) Also see Mar*.ia C Linn, "Eitnbltilitiig A Re- 
search Base for Science Education Challenges, Trends, and Recom 
mendations/'yf>t'''n5/ ofRet^earLh in SJcniL TeaJunt;, ^ol. 24, Ko. 
3. 1987. pp. 191.216. 



operative Research Centers.) Modest evaluation of 
student support mechanisms would also be useful. 
13etter, more timely data based on careful survey and 
analysis design and budget allocation are needed. 
Even more pressing is better dissemination and uje 
of the data that already exist. 

Congress can continue oversight of data collec- 
tion and management, the use of data in program 
evaluation and design, and be unflagging in its call 
for education data. The Federal Task Force on 
Women, Minorities, and the Handicapped in Sci- 
ence and Technology is another impetus for the col- 
lection and analysis of information. Efforts such as 
this, in turn, should mobilize the research commu- 
nity, perhaps through umbrella organizations such 
as the American Association for the Advancement 
of Science," to take a greater interest— as informa- 
tion clearinghouses and symbolic leaders— in science, 
mathematics, and engineering education. The Na- 
tion requires such a concerted effort. 



'^For example, see American Asiociatiun for the Advan<,cment of 
Sticntt, Office of S<,wn<,c and Technology Edu<,ation, The Continw 
ing Cri>i> tn SlKukc Ei/ucaf/a/i. The AAASUc^fxmdsit A Report to 
the Board of Directors (Washington, DC: 1986). 
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Appendix A 

Alphabetical Listing of Leading 
Undergraduate Sources of Science and 
Engineering Ph.D.s In Two Institutional 

Categories, 1950-75 

The following alphabetical lists are based on an OTA analysis of the colleges and universities granting baccalaure- 
ate degrees to students who went on to earn a Ph.D. in science or engineering. Because large degree-granting institu- 
tions would be favored in a ranking based on the absolute number of baccalaureates produced that go on to earn 
Ph,D.s ill science and engineering, OTA measured the contributions of baccalaureate-granting institutions to Ph.D. 
production, controlling for size of the institution.* 

The 100 Most Productive Institutions 

This category lists alphabetically the 100 institutions 
of all types with the highest ratios of baccalaureate 
degrees awarded (in all fields) to students who later 
earned science or engineering Ph.D.s (at any insti- 
tution).' 

Amherst College/MA 
Antioch College/OH 
Bard College/NY 
Bates CoIIege/ME 
Beloit College/Wl 
Berea College/KY 
Blackburn College/IL 
Bowdoin College/ME 
Brandeis University/MA 
Brown University/RI 
Bryn Mawr College/PA 
Bucknell University/PA 
California Institute of Technology 
Carleton College/MN 



'Bciiv D. M^xtictJ, **lnit:iutional rrixiuituitv> Tlic CnJcrgraJuatc Oriiuiw 
of Siicn^c and HhRinccrtng rii.D.s," OTA coniraa^r rcpon, July NvS',, IW^ 
caburcatci awarJtd arc ba»cJ on the Department of Education's Nations! Cen< 
ter for Stati>tlc$ in««utional i«>unts reported in EiwcJ Degrees Con/weJ. Six 
academic ycari were sampled in thi« analysis for baccataureaicdata: WSO* 1^^^. 
196C, 1965, 1970, and 1 97V All bacsataurcate information uai matched itliri<u^i 
19S6) with rh.D. data from the National Research Council's Doctorate Records 
File, which is hated on annual Surveys of Earned Doctorates. Ncu' Ph^D. ratpi^ 
cnts. In cooperation with their institutions* graduate studies oiHces. complete 
questionnaires that provide basic demoi^rapliic, educational, atid planned em- 
ployment characteristics. This information i$ the bans of t lie Ph.D.iOunt^ utcd 
in calculating the institutional ratios of science and engineering PIlDa per 
baccalaureates. 

•These KV include the 1 5 •'technical** in^ttutions (that emphasi:c Kierwc «*r 
engineering) whose productivity was shown separately in figure V6. TIic ratio 
of Ktcncs^ and engineering Ph.D,s earned per ICO bai^alaureate degrees awarded 
by these institut»')n$ range from 4 to 44. 



Carnegie-Mellon University/PA 
Case Western Reserve University/OH 
Centre College of Kentucky 
City University of New York 
Clark University/MA 
College of Charleston/SC 
College of Wooster/OH 
Colorado School of Mines 
Columbia University/NY 
Cooper Union/NY 
Cornell University/NY 
Dartmouth College/NH 
Davidson College/NC 
Delaware Valley College/PA 
Drew University/NJ 
Duke University/NC 
Earlham College/IN 
Eckerd College/FL 
Franklin and Marshal! College/PA 
Grinnell College/IA 
Hamilton College/NY 
Hampshire College/MA 
Harvard University/MA 
Harvey Mudd College/CA 
Haverford College/PA 
Hope College/Ml 
Illinois Benedictine College 
Illinois Institute of Technology 
Iowa State University 
The Johns Hopkins University/MD 
Juniata College/PA 
Kalamazoo College/Ml 
Kenyon College/OH 
King College/TN 
Knox College/IL 
Lafayette College/PA 
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Lawrence University/Wl 
Lebanon Valley Collcgc/PA 
Lehigh Univcrsity/PA 
Macalester CoIIege/MN 
Massachusetts Institute of Technology 
Muhlenberg CoIIcge/PA 

New Mexico Institute of Mining and Technology 
Obc-rlin CoIIege/OH 
Occidental CoIIege/CA 

Philadelphia College of Pharmacy and Scicnce/PA 

Pitier College/CA 

Polytechnic Univcrsity/NY 

Pomona CoIlegc/CA 

Princeton Univcrsity/NJ 

Radcliffe Collct;c/MA 

Rood College/OR 

Rensselaer Polytechnic Institute/NY 
Rhodes College/TN 
Rice University/TX 

South Dakota School of Mining and Technology 
Stanford University/CA 
State University of New York at Binghamton 
State University of New York, College of 

Environmental Science and Forestry 
State University of New York at Stony Brook 
Stevens Institute of Technolopv/NJ 
St. Johns College/MD 
Swarthmore Collcgc/PA 
Union University/NY 

United States Merchant Marine Acadcmy/NY 
U' ed States Military Academy/NY 
University of California at Berkeley 
University ol California at Davis 
University of California ac Irvine 
University of California at Los Angeles 
University of California at Riverside 
University of California at San Diego 
University of California at Santa Cru: 
University of Chicago/IL 
University of Rochestei/NY 
University of South Florida. New Coli 
Vassar Co!lege/NY 
Wabash Collcge/IN 

Webb Institute of Naval Architccturc/NY 

Wellcsley College/MA 

Wcsleyan Univcrsity/CT 

Whitman College/WA 

Williams Collcge/MA 

Worcester Polytechnic Institute 'MA 

Yale University/CT 

Yeshiva Univer.<ity/NY 



49 Liberal Arts Colleges 

The 50 liberal arts colleges that participated in the Sec- 
ond National Conference on "The Future of Science at 
Liberal Arts Colleges" at Obcran College in June 1986 
defined this list (presented alpl.^betically).* 

Albion College/Ml 
Alma College/Ml 
Amherst College/MA 
Antioch College/OH 
Bates College/ME 
Beloit College/WI 
Bowdoin College/ME 
Bryn Mawr College/PA 
Bucknell Universi;y/PA 
Carleton Collegc/MN 
Colgate University/NY 
College of the Holy Cross/MA 
College of Wooster/OH 
Colorado College 
Dpviduon College/NC 
Denison University/OH 
Dcpauw Univcrsity/IN 
Earlham College/PA 
Franklin and Marshall College/PA 
Grinnell Collegc/IA 
Hamilton College/NY 
Hampton University/ VA 
Harvey Mudd Collcge/CA 
Haverford College/PA 
Hope Collcgc/MI 
Kalamaroo College/Ml 
Kenyon College/OH 
Lafayette Co!lege/PA 
Macalester Co!lege/MN 
Manhattan College/NY 
Middlebury Collegc/VT 
Mt. Holyokc College/MA 
Oberlin College/OH 
Occidental College/CA 
Ohio Wesleyan Univer^itv 
Pomona College/CA 
Reed College/OR 
Smith College/MA 



lu^m C. .JunthiJ I ruvcrs? v Tliu*. r he p'Jv jk Lhcf a! att^^ «.»»l!rgcs >*»mcnfnt* 
fcfcrfrJ I*' u\ ""focjtfch fc^ Itcpo*' h:vJiuvc *A that cmphju\ »«n uftJcrgr^uatc 
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St. Olaf College/MN 
Swarth. re College/PA 
Trinity College/CT 
Union University/NY 
Vassar CoHege/NY 
Wabash College/IN 



Wellesley College/MA 
Wesleyan University/CT 
Wheaton College/IL 
Whitman College/WA 
Williams College/MA 
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Appendix B 

Major Federal Science and Engineering 
Education Programs 



The following information, in fiscal year 1988 obliga- 
tions where possible, shows approximate Federal support 
of science and engineering education programs by agency 
and type of program. Obligations are the amount that 
an o^tiicy commits to spend out of its budget; the ac- 
tual amount of funds spent may differ somewhat from 
the amount obligated. There may be large variations from 
year to year in agency budgets due to changes in con- 
gressional appropriations or legislation creating and elim- 
inating programs. Changes in agency priorities also af- 
fect funding levels. 

The estimates in this table are based on information 
provided to OTA by staff responsible for education, 
university relations, research and development (R&D), 
and/or personnel at each of the departments listed, sup- 
plemented by published sources. This table is not the 
result of an exhaustive survey, but does indicate the 
breadth and diversity of Federal support across the agen- 
cies for science and engineering education. Because of 
differences in recordkeeping, it is difficult to make pre- 
cise statements on spending. 



The programs listed are of several types. 1) the educa- 
tional programs of the Department of Education and 
\ eterans Administration that support all students and 
institutions, including but not specifically targeted to sci- 
ence and engineering; 2) agency support of university re- 
search, which indirectly funds students (as research as- 
sistants), and 3) special programs, usually much smaller 
in scope and budget, which have the support of science 
and engineering education as their primary goal. Faculty 
programs are not included. The left hand column lists 
the funding department and major programs, according 
to the educational level served (postgraduate, graduate, 
undergraduate, precollege, institutional). The two right 
hand columns list, respectively, estimated 1988 agency 
obligations and the number of science or engineering stu- 
dents (noted with an "s") or institutions (noted with an 
"i") that receive funds or participate in the program. The 
obligations and students listed are only those related to 
science and engineering (including social sciences). Our 
inability to estimate obligations or students is indicated 
by -. 



Department and major programs 
U.S. Department of Education 

• Graduate and Professional Opportunities 

Program (about 1/2 are in science/engineering (s/e)) 

• Cooperative education (Title VlII, Higher Education 

Act) (1/3 to 1/2 is s/e) 

• Title II, Education for Economic Security Act 

— State grants (teacher training, supplies) 

—magnet schools (@30% of total $72 M) 

• Discretionary programs (total $11 M) 

— television, e.g., "3-2-1 Contact" 

—National Diffusion Network, miscellaneous 

programs, e.g.. Physics Teach to Learn, CADPP (elementary 
mathematics) 

Institutional 

• Minority Institutions Science Improvement 

Program (MISIP) 



1988 budget (estimated, 

in millions of dollars. Number of students or 
where noted)* institutions supported 

(science/engineering-related only) 



6 M 

5-7 M 

109 M 
22 M 

3.25 M (1987) 



700 s 
100,000 s 
105 i 



5 M 



180 i 



'Based on OTA personal communications with Federal agency staff. Additional published wjurte^ arc Natitrial SticriLt FoundaUon, Dirct.t>jry i.<f FcJcrjt R&D 
Agencies' Programs to Attract Women, Mtnorttics, and the PhyMtaliy HandiLjppcJ to Careers in iticntt anJ Engincerinfi, KSF 85 51 ^>X'abhirigton, DC 1985}, and 
U.S. Oenerai Accounting Office, Federal Funding Mechanisms m Support of Untxersity ResearJi^ OAO, RCED 86-53 <>X'a5h»ngton. DC. 1986) 
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The Department of Education spends billions of dol- 


of the ERIC clearinghouses of educational research and 


lars on education, some of which goes to science and 


information is dedicated to science, mathematics, and 


mathematics programs, teaching, education research, and 


environmental education. Together these large, broad 


computer technology. These include programs such as 


support programs and other discretionar> or general pro 


Chapter 1 and Chapter 2, student and institutional aid. 


grams prcmde extensive funds for science and mathe- 


and more likely sources of scicnce/mathematics improve- 


matics education. Discretionary funds may in particular 


ment or seed monev such as the Office of Educational 


be applied to seed programs. It is impossible to quantify 


Research and Improvement ($67 million) or the Fund for 


the amount or directness of support for science and math- 


the Improvement of Postsecondary Education ($11 mil- 


ematics education from these large national programs. 


lion). Two centers dedicated to the study of mathematics 


many of them formula programs. One approach is to esti- 


and science teaching and learning were added in 1988 


mate that 15 to 40 percent of funding is relevant to sci- 


to the roster of 19 National Educational Research 


ence and mathematics education. 


Centers; each of the 2 has a budget of $500,000. One 






IVoo ouaget ^estimatecii 




in millions of dollars, Number of students or 




where noted)* institutions supported 


Department and major programs 


(science/engineering-related only) 


National Institutes of Health (NIH) 




Post Jocforare 




• National Research oervice Awards 




r> ^1 n II ^ ^ 




(includes M.U.-rh.U., about 50% of total) 




Graduate 




• National Research Service Awards 






100 M 5,200 s 


• Research assistants (RAs) 






150-450 M 7,000 s 


c ICO/ o-^Jrt.v^:- D/C,Pi\ 

ivSf j'lD/o ot academic kolU; 




• Minority Access to Research Careers (MARC) 






/C/CC AHA HO 


Jit 1 

Undergraduate 




• MARC Honors Undergraduate Research Training . . 




• National Institutes of Mental Health 




\/1irir\rif'V Pf»llr\it/cr\iT^c 


1 p M 1 '^n c 


Precollege 




• NIH Minority High School Student 








Institutional 




• Minority Biomedical Research Support (MBRS) .... 


28 M 100 i 




- 450 s 


—Undergraduate Biomedical Research 






- 1,200 s 


—Supplemental Awards for Improvement 






— — 




5 M 100 i 


National Science Foundation (NSF) 




Postc/ocforare 






40 M 800 s 








- 50 s 


supplemented by NSF) 






? Oct 
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Department and major programs 



1988 budget (estimated, 

in millions of dollars, Number of students or 
where noted)* institutions supported 

(science/engineering-related only) 



Graduate 

• Graduate RAs on research grants 120 M 8,300 s 

• Supplemental funding for minority/women RAs — — 

• Dissertation improvement 1.2 M 190 s 

• Graduate fellowships 

—Graduate fellowships 25 M 700 s 

—Minority graduate fellowships 2.7 M 75 i 

Undergraduate 

• Engineering Undergraduate Creativity Awards 2 M 30 s 

• Undergraduate research experience 9 M 2,800 s 

• Career access for women, minorities, and the disabled 2 M — 

• College Science Instrumentation Program 12M — 

• Curriculum development 7M — 

PrecoIIege 

• High school research experience 

—Young Scholars 3.7 M 1,600 s 

—RAs for minority high school students 100,000 — 

• Informal education 13.5 M — 

• Materials development 20 M — 

• Teacher preparation and enhancement 45.5 M — 

• Research in teaching and learning 4M — 

U.S. Department of Energy 
Graduate 

• Graduate fellowships 1 .4 M 70 s 

• Summer research support — 2,000 s 

• RAs on research grants 15-50 M 3,500 s 

(@5-15% of $350 million university R&D) 

Undergraduate 

• Science and Engineering Research Semester 600,000 115 s 

• Summer research internship 3 M 1,000 s 

• Co-op/Junior Fellows — 50-65 s 

PrecoIIege 

• Prefreshman Engineering Program (PREP) 300,000 2,000 s 

• High School Honors Research Program 550,000 320 s 

• Minority Student Research Apprenticeships 120,000 200 s 

• PrecoIIege teacher training and research 250,000 50 teachers 

(summer research experience at labs, short courses, 

materials) 

Institutional 

• HBCU 12 M 

The Department of Energy has a University-Labora ing developed with the national laboratories, and about 
tory Cooperative Program, whi^^h includes faculty, re- $6.3 million to summer research programs and other sci- 
search, and institutional development programs m addi ence education programs. DOE and the national labora- 
tion to the undergraduate and graduate summer research tones also have many volunteer outreach and technical 
programs noted above. Of a total budget of $8.8 million, assistance programs, such as Partnership in Education 
about $2.5 million goes to science education centers be- (adopt a high school). 
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Department and major programs 
Department of Defense (DoD) 
Graduate 

• Graduate RAs on research grants 

(@ 5-15% of academic research) 

Undergraduate 

• Reserve Officers Training Corps (ROTC) 
(75% of Air Force and 80% of Navy ROTC 
funds are set aside for technical majors) 

• JETS/UNITE (Uninitiated Introduction to 
Engineering) 

• Co-op/Junior Fellows 

Precollege 

• Research and Engineering Apprenticeship 
(REAP) (at DoD laboratories) 

• Extensive informal outreach: career fairs, 
science fairs and awards, recruitment 

Air Force/Air Force Office of Scientific Research 

• Air Force laboratory postdoctoral 

scholar programs 

• Graduate fellowships 

• Graduate Student Summer Support Program 

(laboratory employment for graduate students) 

• High school apprenticeship (summer jobs at 
laboratories; primarily minorities) 

Army/Army Research Office (ARO) 

• Army Graduate Fellowship Program 

(no continuing funds appropriated) 

• REAP 

• Introduction to Engineering (UNITE) 

(6 residential programs for minorities) 

• Junior Science and Humanities Program symposia 
(research talent search) 

• Computer-Related Science and Engineering 

Studies (CRES) (4 residential weeks 

at universities) 

• Science and Engineering Fair Program, 

International Mathematical Olympiad 

(ARO contributes awards, judges) 

Navy/Office of Naval Research 

• Young Investigator Program 

(10-30 new multiyear awards each year) 

• Graduate fellowships 

(45-50 new multiyear awards each year) 

• High School Apprentice Program 

(mentored summer work in labs; targets inner-city, 
minorities, disadvantaged) 



1988 budget (estimated, 

in millions of dollars, Number of students or 
where noted)* institutions supported 

(science/engineering-related only) 



50-150 M 



3 M 



1.5 M 



7 M 

275,000 
100,000 



750,000 
50,000 



50,000 



2.5 M 



25 M 



120,000 



4,000-5,000 s 



21,000 s 
2,500-3,000 s 



75 s 
100s 



36 s 

140 s 
150-180 s 



7,000 s 
60 s 

500,000 s 

50 s 
150 s 
130 s 
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1988 budget (estimated, 

in millions of dollars, Number of students or 
where noted)* institutions supported 

Department and major programs (science/engineering^related only) 

• Historically Black College Council 2.6 M 17 1 

(seeds research programs, graduate fellowships, summer 

faculty research, research instrumentation, high school ap- 
prenticeships) 

Strategic Defense Initiative Office/ 
University Research Initiative 

• Graduate RAs on research grants 5-7.5 M 600 s 

(@ 10-15% of $50 M academic research) 

Institutional 

• hdCVs - 

Manpower/Education Research 

• Center for the Advancement of Science, 

Engineering and Technology (CASET) 1 M — 

National Aeronautics and Space Administration (NASA) 

Postdoctorate 

• Postdoctoral research associateship 12 M 200 s 

(1 year of research at NASA) 

Graduate 

• Graduate student researchers fellowships 4.8 M 240 s 

(1 year thesis research support) 

• Minority graduate fellowships 2 M 60-110 s 

• Graduate RAs on research grants 22M — 

(@ 8% of academic R&D) 

Undergraduate 

• Education and curriculum research 4.7 M — 

• Co-op/Junior Fellows — 1,100-1,200 s 

Precollege 

• Aerospace Education Services (Spacemobile) 2.1 M — 

• Innovative programs 1.3 M — 

—NASA Education Workshops for Mathematics 

and Science Teachers (NEWMAST) 

—NASA Education Workshops for Elementary 

School Teachers (NEWEST) 

—Space Science Student Involvement Program (SSIP) 

• Individual NASA laboratories have many local 
research apprenticeships, student employment, 
teacher resource centers, and outreach programs 

Institutional 

• University Advanced Design Program 1.5 M 25 i 

• Centers of Excellence — — 

• Space Engineering Research Centers 4 M 10 i 

• HBCUs 9M - 

U.S. Department of Agriculture 

Postdoctorate 

• Postdoctorates (Agricultural Research Service ' 

-ARS) - 100 s 
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1988 budget (estimated. 








in 1 


millions of dollars, 


Number 


of students or 


Department and major programs 




where noted)* 


institutions supported 




(science/engineering-related only) 


Graduate 










• Graduate fellowships 




2.9 M 




150 s 


• RAs on research grants (@10% of academic R&D) . 




48 M 




— 


Undergraduate 


















500-650 s 










10,000 s 












— 4H 


















700 Q 










200 s 


""i rugrdiii ill / vgriLUiLurdi dnu JLiicbLicnLCb 










for Minority Students (PALMS) 










1 A* O /I /I /-\ 1 O »^ O f ' 1 \ 




10,000 




30 s 


""Dcginnmg / vgriLUiLurc loucn v-/pporLuniLicb 










^RAYDIJ^ ^niirhprn I Jnivpr<;ifv I A 










—Summer Youth Enrichment, Delaware 










—Other programs include Stay In School, fairs. 










summer aides, D.C. Mayor's Youth 










Employment, high school visits, curriculum 










development; Forest Service teacher training and summer 








student programs 










llIoHLUHsJUal 










• Cooperative State Research Service 










—Strengthening Grants for 1890s 




1.9 M 






-Morrill-Nelson ($50,000 per State) 




2.6 M 










9.6 M 




17 ! 






21.5 M 




17 ! 


U.S. Environmental Protection Agency 










Graduate 










• RAs on research grants (@5'15% of academic R&D) 




440 M 




— 










-0- 


(in past years, $2'5 million for academic 










training, forecasting, and community colleges) 










Undergraduate 










• Community college-based training 










(curriculum development, 2 + 2 programs) 




-0- 










275,000 




50-70 s 


(summer jobs; part of Minority 










Institutions Assistance Program) 


















800 s 


Precollege 




















U.S. Department of Commerce/National Oceanic 


and Atmospheric Administration 




Undergraduate 














1.56 M 
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1988 budget (estimated, 

in millions of dollars, Number of students or 
where noted)* institutions supported 

Department and major programs (science/engineering-related only) 

• Co-op/Junior Fellows — 100-250 s 

Precollege 

• D.C. Career Orientation 30,000 24 s 

(summer work for girls and minorities) 

Institutional 

• Sea Grant (entire program) 40 M — 

U.S. Department of Commerce/National Bureau of Standards 

Postdoctorate 

• Postdoctoral research fellows — 20 s 

Graduate 

• Summer program (graduate and undergraduate) 

• Graduate Engineering for Minorities (GEM) — 2s 

Undergraduate 

• Co-op/Junior Fellows — 100-200 s 

Precollege 

• Volunteer outreach programs 

—Resource Education Awareness Program (REAP) 
—Montgomery County Science Fair 

—Career Awareness and Resource Education (CARE) — 30,000 s 

—Adventures in Science (privately run) — 200 s 

—Montgomery Education Connection 

There are also internal staff development programs, including graduate fellowships. 
U.S. Department of the Interior/U.S. Geological Survey (USGS) 
Postdoctorate 

• Resident Research Associateship Program, USGS — — 

Undergraduate 

• Co-op/Junior Fellows — 135 s 

• Summer jobs for teachers (with National — 20-90 

Association of Geology Teachers) teachers 

• Volunteer programs: science fairs, career 
seminars, classroom demonstrations and visits 

• HBCU (R&.D, training, equipment, evaluation, 756,000 — 

education, graduate research internships) 

• Federal Equal Opportunity Recruitment 
Program (FEORP) 

(Programs for Minority Participation 

in the Earth Sciences— MPES) 640,000 — 

U.S. Department of Transportation 

Graduate 

• RAs on research grants 850,000-2.6 M — 

(@5-15% of academic R&D) 

Undergraduate 

• Undergraduate/graduate research fellowships 250,000 15 s 

(National Highway Institute) 

• Co-op/Junior Fellows — 300-350 s 
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Department and major programs 



1988 budget (estimated, 

in millions of dollars, Number of students or 
where noted)* institutions supported 

(science/engineering-related only) 



Veterans Administration 

Undergraduate 
(assume s/e as 35% of total trainees) 

• G.L Bill 120 M 58,500 s 

• New (Montgomery) G.I. Bill 12 M 6,800 s 

• Other programs: 

—Dependent's Education 33 M 13 700 s 

—Vocational Rehabilitation 24 M 5 400 s 

—Post Vietnam Education Assistance 56 M 25,200 s 

(DoD and tr?:nee contributions) 

(College level trainees only; includes some graduate, does not include vocational/'technical, includcb part time.) 

Government-Wide Prog ram S f^^st track to career appointments. 0PM delegates slots 
. to agencies, which makes fellows attractive hires for 
Cooperative education (co-op). The Federal Govern- managers. There are about 2,000 Junior Fellows in 5 
ment employs cooperative students at high school Federal agencies, slightly over half of them in s/e 
through graduate school levels, although the under- Stay in School. Part-time entry-level ^Voutine^^ jobs for 
graduate level dominates. At the graduate level, co-op ,,hs to keep them in school. Many employ- 
is a recrumng tool. Overall, the Federal Government ees are clerical, some are technical aides; few are in s/e. 
employs about 16,000 co-op students in 54 agencies; ^ ii7 i c j n 

about half of these are in s/e. Engineering is the largest ^o"ege Work-btudy Program. The Department of Edu- 
occupation, with 28 percent of co-op students. Fed- ^^^f " ^w^rds grants to universities to create jobs. Fed- 
eral agencies consider co-op an excellent recruitment agencies can also host students. First authorized 
tool, but are having trouble competing with industry Economic Opportunity Act, now under the 
for good co-op students in high-technology areas. One ^^^^^^ Education Act, Tide IV, Part C. 
problem is that the co-op budget fluctuates at agen- Federal Equal Opportunity Recruitment Program 
cies along with regular research budgets; some man- (FEORP) also known as the Affirmative Action Re- 
agers do not have money or job slots to spare. Co-op cruitment Program (part of the Civil Service Reform 
is particularly effective in providing career-related ex- Act of 1978). Targets minorities and women, 
perience for minorities and women. Assistance to HBCUs. 
Junior Fellowship. Career-related summer employment Resident (or Cooperative) Research Associateship. Post- 
for talented but needy students from high school doctoral (administered by the National Research 
graduation through college graduation. Junior fellow- Council). Open to non-U.S. citizens, 
ship is a recruitment tool; successful fellows are on the Summer Employment. 
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Appendix C 

Contractor Reports 



Full copies of Contractor Reports done for this project 
are available through the National Technical Informa- 
tion Service (NTIS), either by mail (U.S. Department of 
Commerce, National Technical Information Service, 
Springfield, VA 22161) or by calling them directly at 
(703) 487'4650.» 

/ 

Higher Education 

(NTIS order §PB 88-177 951/AS) 

1. "The Apollo Program: Science and Engineering Per- 
sonnel Demand Created by a Federal Research Mis- 
sion," Arnold S. Levine 

2. "Institutional Productivity: The Undergraduate Ori- 
gins of Science and Engineering Ph.D.s," Betty D. 
Maxfield 

3. "The History of Engineering Education: Perennial Is- 
sues in the Supply and Training of Talent,** Steven 
L. Goldman, Lehigh University 

Elementary and Secondary Education 
(NTIS order §PB 88-177 944/AS) 

1. "Images of Science: Factors Affecting the Choice of 
Science as a Career,** Robert E. Fullilove, University 
of California at Berkeley 

2. "Identifying Potential Scientists and Engineers: An 
Analysis of the High School-College Transition," 
Valerie E. Lee, University of Michigan 



^Guy R. Ncnvc's report, "S.jctiLC and Enginccrini; Work Furtc PoliLic^ VC'cst 
ctn Europe," is only available through the Science, Education, and Transporta- 
tion Program offico (202) 228-6020. 



Internationa! Comparisons 
(NTIS order jfPB 88-177 969/AS) 

1. "Japan's Science and Engineering Pipeline: Structure, 
Policies, and Trends," William K. Cummings, Harvard 
University 

2. "Soviet Science and Engineering Education and Work 
Force Policies: Recent Trends," Harley Baker, George- 
town University 

Funding for Higher Education: Part I 
(NTIS order jfPB 88-177 928/AS) 

1. "Federal Funding of Science and Engineering Educa- 
tion: Effect on Output of Scientists and Engineers, 
1945-1985," Betty M. Vetter (Commission on Profes- 
sionals in Science and Technology) and Henry Hertz- 
feld (Consultant) 

2. "Science in the Steady State: The Changing Research 
University and Federal Funding," Edward J. Hackett, 
Rensselaer Polytechnic Institute 

Funding for Higher Education: Part II 
(NTIS order jfPB 88-177 936/AS) 

1. "Industrial Support of University Training and Re- 
search: Implications for Scientific Training in the 
^Steady State'," Michael E. Cluck, Harvard University 

2, "Financial Assistance, Education Debt and Starting 
Salaries of Science and Engineering Graduates: Evi- 
dence From the 1985 Survey of Recent College Grad- 
uates," Applied Systems Institute, Inc., Richard Wab- 
nick (Principal Investigator) 
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Appendix D 

Workshop Participants 



Participants in Science and Engineering Manpower Data Workshop, July 10, 1986 

Alan Fechter, Workshop Chairman 
Executive Director 
Office of Scientific and Engineering Personnel 
National Research Council 
Washington, DC 

Stig Anncstrand 

Committee on Science and Technology 
U.S. House of Representatives 
Washington, DC 



Robert Armstrong 
Manager, Professional Staffing 
Employer Relations Department 
E.I. du Pont de Nemours &. Co. 
Wilmington, DE 

Eleanor Babco 
Associate Director 

Commission on Professionals in Science and 

Technology 
Washington, DC 

Myles Boylan 
Policy Analyst 

Policy Research and Analysis 
National Science Foundation 
Washington, DC 

Michael Crowley 

Director, Demographics Study Group 
Division of Science Resource Studies 
National Science Foundation 
Washington, DC 

Roman Czujko 
Assistant Manager 
Manpower Statistics Division 
American Institute of Physics 
New York, NY 



Daniel Hecker 

Supervisory Labor Economist 
Occupational Outlook Division 
Office of Economic Growth and Employment 

Projections 
Bureau of Labor Statistics 
Wabhingron, DC 

W. Edward Lear 
Executive Director 

American Society for Engineering Education 
Washington, DC 

Robert Neuman 
Head 

Department of Professional Services 
American Chemical Society 
Washington, DC 

Vin O'Neill 

Administrator of Professional Programs 
The Institute of Electrical and Electronics Engineers, 
Inc. 

Washington, DC 
Peter Syverson 

Director of Information Services 
Council of Graduate Schools 
Washington, DC 

John W. Wiersma 
Wiersma &. Associates 
Austin, TX 



Participants in Engineering Education in 1997 Workshop, Sept. 9, 1987 

Christopher J. Dede. Workshop Chairman 
Professor 

University of Houston at Clear Lake 
Houston, TX 



Howard Adams 
Executive Director 

National Consortium for Graduate Degrees for 

Minorities in Engineering 
Notre Dame, IN 



Amy Buhrig 
Specialist Engineer 
Artificial Intelligence 
Boeing Aerospace Corp. 
Seattle, WA 
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Alton Cleveland 

Beclicel Eastern Power Co. 

Gaithersburg, MD 

George Dieter 

Dean, College of Engineering 
University of Maryland 
College Park. MD 

Steven Goldman 
Director 

Science, Technology and Society Program 
Lehigh University 
Bethlehem, PA 

Lawrence Grayson 
Office of the Honorable Jack Kemp 
U.S. House of Representatives 
Washington, DC 

Robert Morgan 
Professor 

Department of Engineering and Policy 
Washington University 
St. Louis, MO 



Alfred Moyc 

Manager, Continuing Education 

Hewlett-Packard 

Palo Alto, CA 

William Snyder 
Dean, College of Engineering 
University of Tennessee 
Knoxvillc, TN 

Bruno Weinschel 
President 

Weinschel Research Foundation 
Gaithersburg, MD 

F. Karl Wiilenbrock 
Executive Director 

American Society for Engineering Education 
Washington, DC 



Participants in Math and Science Education K-12: Teachers and the Future 

Workshop, Sept. 15, 1987 

Iris R. Weiss, Workshop Co'Chairwomnn 
President 
Horizon Research, hic. 
Chapel Hill, NC 

Inna S. Jarcho, Workshop Co'Chairwoman 
Chairman 
Science Department 
New Lincoln School 
New York, NY 

Michael R. Hancy 
Coordinator, Blair Magnet Program 
Montgomery County Public Schools 
Silver Spring, MD 

Lisa Hudson 
The Rand Corp. 
Washington, DC 

Ann Kahn 
Former President 

National Parent Teacher Association 
Chicago, IL 
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Rolf Blank 
Director 

Science/Mathematics Indicators Project 
Council of Chief State School Officers 
Washington, DC 

Ruth Cossey 
EQUALS Program 
University of California 
Berkeley, CA 

James Gallagher 
Professor of Science Education 
Michigan State University 
East Lansing, MI 
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Hugh Lowcth 
Consultant 
Annandalc, VA 

Barbara Scott Nelson 
Program Officer 
Urban Poverty Program 
The Ford Foundation 
New Y-rk, NY 

Gall Nuckols 
Member 

Arlington County School Board 
Arlington, VA 

Louise Raphael 

Mathcniaiical Association of America 

Task Force on Minorities 

Science and Engineering Education Directorate 

National Science Foundation 

Washington* DC 



Mary Budd Rowe 

President, National Science Teachers A>wiaiion 
Professor, Science Education 
College of Education 
University of Florida 
Gainesville, FL 

Susan Snyder 
Program Director 

Science and Mathematics Education Networks 

Program 
National Science Foundation 
Washington, DC 



ERLC 



135 



Appendix E 

Acknowledgments 



The development of tliib report ha& benefited frum the ndvite nnd review of a number of people in addition to 
the Advibory Panel. OTA btaff would like to eNpres5> it* appreciation to the following people for their valuable guidance. 



Pntricin Alexander, Department of Education 
Pamela Atkinson, National Academy of Engineering 
Jesse Ausubel, National Academy of Engir *;ring 
EUen Buikin, University of California at Los 

Angeles 
Harriet Tyson-Bernstein 
Ricnard Berry, National Science Foundation 
Rolf Blank, Council of Chief State School Officers 
Myles Boylan, National Science Foundation 
Peter Cannon, Rockwell International Corp. 
Dennis Carroll, Department of Education 
Joanne Capper, Center for Research into Practice 
Sam C. Carrier, Oberlin College 
Audrey Champagne, American Association for the 

Advancement of Science 
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Office of Technology Assessment 

The Office of Technology Assessment (OTA) was created in 1972 as an an- 
alytical arm of Congress, OTA*s basic function is to help legislative policy- 
makers anticipate and plan for the consequences of technological changes and 
to examine the many ways, expected and unexpected, in which technology 
affects people's lives. The assessment of technology calls for exploration of the 
physical, biological, economic, social, and political impacts that can result from 
applications of scientific knowledge. OTA provides Congress wilh indepen- 
dent and timely information about the potential effects— both beneficial and 
harmful— of technological applications. 

Requests for studies are made by chairmen of standing committees of the 
House of Representatives or Senate; by the Technology Assessment Board, 
the governing body of OTA; or by the Director of OTA in consultation with 
the Board. 

The Technology Assessment Board is composed of six members of the House, 
six members of the Senate, and the OTA Director, who is a non-voting 
member. 

OTA has studies under way in nine program areas: energy and materials; 
industry, technology, and employment; international security and commerce; 
biological applications; food and renewable resources; health; communication 
and information technologies; oceans and environment; and science, educa- 
tion, and transportation. 
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